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PREFACE 

TO 

THE FOURTH EDITION. 



In this Fourth Edition of a Course of Practical 
Chemistry, arranged for the use of medical students, 
several minor improvements, suggested by further 
experience in teaching, have been effected. 

The analytical portion of the work, in so far as 
regards the description of the methods employed, has 
been rearranged. 

The new system of atomic weights and formulae 
has been em^Dloyed throughout; but it has not been 
thought necessary to introduce any general changes 
in the nomenclature. 

W. 0. 

St. Bartholomew's Hospital : 
May, 1869. 
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PREFACE. 



THE SECOND EDITIOi^, 



In preparing a Second Edition of this Course of 
Practical Chemistry for the press, the first having 
been for upwards of three years out of print, many 
additions and alterations have been made, which it is 
believed will much increase its usefulness as a labo- 
ratory guide. 

The first chapter, treating of chemical reactions 
and manipulation, is quite new ; the second, relating 
to general analysis, has been rewritten ; and the third 
and fourth chapters, treating respectively of toxico- 
logical and animal chemistry, have been carefully 
revised. In the second chapters more particularly, 
full explanations have been given of the tables for 
the examination of the several groups of bases and 
acids; so that the paragraphs relating to the individual 
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members of the groups need scarcely be considered 
by the learner save for purposes of reference. 

To maintain its adaptability to the wants of the 
medical student, the old scale of atomic weights has 
been exclusively employed throughout the body of 
the work. In a short appendix, however, some tables 
have been set up, in which the new atomic weights are 
used, with a view to illustrate the superior simplicity 
and mutual association of the modern unitary over 
the older dualistic formuhe. The edition of the work 
is, moreover, illustrated by Mr. Branstou with seventy 
woodcuts of microscopical preparations and chemical 
apparatus, all of them made expressly from drawings 

of the actual objects. 

W. 0. 

St. Bartholomew's Hospital : 
Jnue, 18B5. 
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PRACTICAL CHEMISTRY. 



CHAPTER I. 
INTRODUCTORY. 



I I.— UHBMICAL EE ACTIONS. 

(1.) Chemists are acquainted with about sixty 
different kinds of matter which have hitherto proved 
undecomposable, and are consequently termed simple 
bodies, or elements. These elements unite with one 
another in certain definite proportions to form an 
infinite variety of compounds; each particular chemi- 
cal compound being always constituted of the same 
elements, combined together in the same proportion. 
Common salt, for instance, no matter how obtained, 
or when examined, is always found to consist of sodium 
and chlorine, united in the ratio of 23 parts by weight 
of the former element to 35.5 parts by weight of the 
latter. 

The relative quantity of hydrogen which can enter 
into chemical combination being less than that of any 
other element, its combining proportion is taken as the 
standard of comparison or unity. It is found that 1 
part by weight of hydrogen unites with 35.5 parts by 
weight of chlorine to form hydrochloric acid ; and 
further that in very many chemical compounds 1 part 
■ of hydrogen may be displaced by 35.5 parts of chlorine 
to produce chlorine-derivatives of the respective com- 
pounds. Again, when hydrochloric -'acid is treated 
2 
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with metallic sodium, every 23 parts of sodium is 
found to expel 1 part of hydrogen and form common 
salt, by uniting with the 35.5 parts of chlorine pre- 
viously combined with the 1 part of hydrogen. 

The proportion of an element which unites with 1 
part by weight of hydrogen, or which displaces 1 part 
by weight of hydrogen, to unite with 35.5 parts of 
chlorine, is called its equivalent. Thus 80 is the 
equivalent of bromide, 23 the equivalent of sodium, 
and 39 the equivalent of potassium, because 80 parts 
of bromide, 23 parts of sodium, and 39 parts of potas- 
sium are respectively exchangeable for, or equivalent 
in combination to, 1 part of h3'drogen. 

(2.) But it is found in many cases that some multiple 
of the proportion of an element which unites with or 
displaces 1 part by weight of hydrogen, constitutes 
the smallest proportion of that element which actually 
enters into chemical combination. Thus, although 25 
parts of arsenic unite with 1 part of hydrogen to form 
arsenetted hydrogen, and with 35.5 parts of chlorine 
to form chloride of arsenic, yet it is allowed on all 
hands that the molecule* of arsenetted h^^drogen 
contains three separable equivalents of hydrogen 
united with 75 parts of arsenic ; and the molecule of 
chloride of arsenic contains three separable equiva- 

* The determination of the molecule of a compound body is based 
upon very many considerations, physical as well as chemical, which 
cannot be fully entered into liere. The most important of these 
considerations relate to specific heat, atomic volume, direct combi- 
nation, analogy, mode of derivation, and, above all, to metamor- 
phoses by substitution. Thus the molecules of marsh gas, ammonia, 
water, and hydrochloric acid, might each be represented with one 
equivalent of hydrogen. Bat the molecule of marsh gas is repre- 
Eented with four equivalents of hydrogen, because in it \ or J or J 
or I of the hydrogen can be displaced by substitution at four suc- 
cessive stages. The molecule of ammonia is represented with three 
equivalents of hydrogen, because in it | or J or | of the hydrogen 
may be displaced at three successive stages. The molecule of 
water is represented with two equivalents of hydrogen, because in 
it ^ or f of the hydrogen can be displaced at two successive stages ; 
while the molecule of hydrochloric acid is represented with one 
equivalent of hydrogen, because in it the hydrogen must be dis- 
placed at once or not all. 
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lents of chlorine united with 75 parts of arsenic ; and, 
in fact, that 75 parts of arsenic constitute the least 
indivisible proportion of arsenic which ever enters 
into a combination. The least indivisible proportion 
of an element which is found to enter into chemical 
combination is termed its atom, and the number ex- 
pressing that proportion is called its atomic weight. 
Hence the atomic weight of an element sometimes 
coincides with its equivalent weight, as in the case of 
sodium, and is sometimes a multiple of its equivalent 
weight, as in the case of arsenic. 

The determination of equivalents is a purely expe- 
rimental question, which, in the majority of instances, 
has been answered with almost absolute exactitude ; 
but the determination of atomic weights is a question 
of judgment, to which in many cases very different 
answers were until lately accorded. Chemists are 
now agreed, however, as to the atomic weights of all 
the most important elements, and their agreement 
extends equally to atomic weights which are mul- 
tiples of, as to those which are identical with, the 
equivalents of the respective elements. It is only 
with regard to a few of the less known elements that 
any great difference of opinion now exists as to the 
correlations of their respective equivalents and atomic 
weights. 

(3.) The following tables exhibit lists of the most 
important elements, with their accepted atomic 
weights, their symbols or abbreviated names, and 
the names and symbols of their principal compounds 
with hydrogen or chlorine. All the hydrides are 
volatile, and when in the gaseous state occupy the 
same volume. 
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El 


mODt. 


Hydride. 


Atomic 
weight. 


Symbol. 


Name. 


Symbol 


Name. 


1 


H 


Hydrogen 


H, 




19 
35.5 
80 
127 


P 
CI 
Br 
I 


Fluorine 
Chlorine 
Bromine 
Iodine 


HF 
HCl 
HBr 
HI 


Hydrotluorio acid 
Hydrochloric acid 
Hydrobromic acid 
Hydriodic acid 


16 
32 




S 


Oxygen 
Sulphur 


H,0 

HjS 


Water 

Sulphuretted hydrogen 


14 
31 
11 


N 
P 
B 


Nitrogen 

Phosphorus 

Boron 


H3N 
H3P 
H3B 


Ammonia [gen 
Pbosphoretted hydro- 
Hydride of boron ? 


12 

28 


C 

Si 


Carbon 

Silicon 


H,C 

H,Si 


Marsh-gas 
Silioated hydrogen 



Perissad Metal, &c. 


Artiad Metal, &c. 


Atomic 
weight 


Name. 


1 

Chloride. 1 

1 


Atomic 
weight. 


Name. 


Chloride. 


18 

1 

7 

23 

39 
108 
200 

63.5 

27.5 

52.-5 

56 

75 
122 
210 

196 


Ammonium 

Hydrogen 

Lithium 

Sodium 

Potassium 

Silver 

Mercury 

Copper 

Aluminum 

Chromium 

Iron 

Arsenic 

Antimony 

Bismuth 

Gold 


NH.Cl 
HCl 
Li CI 

NaCl 
KCl 
AgCl 
HgCl* 
CnCl* 
Al CI3* 
CrClj* 
FeClj* ' 
ASCI3 
SbClj 
BiCl3 

i An CI3 

( AuCl 


40 

87.5 
137 

24 

65 
112 
200 

63.5 

59 

59 

56 

55 

118 

207 
197 


Calcium 

Strontium 

Barium 

Magnesium 

Zinc 

Cadmium 

Mercury 

Copper 

Nickel 

Cobalt 

Iron 

Manganese 

Tin 

Lead 

Platinum 


Ca CI2 

Sr CI2 

Ba CIg 

Mg CI, 

Zn Cl,2 

Cd Clj 

Hg (\ 

CuClj 

Ni CI, 

Co CI2 

Fe CI, 

MnCl, 

(Sn Cli,& 

\ Sn CI, 

Pb CI, 

(Ft Cl,& 

^ Ft CI, 



* It is doubtful whether the molecules and consequent formulje 
of some or all of the chlorides corresponding to the formulfe marked 
■with asterisks should not be doubled. The words " perissad" and 
"artiad" are applied to both metals and non-metals, accordingly 
as they combine with an odd or even number of atoms of chlorine 
or hydrogen. 
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It is observable that the metals mercury, copper, 
iron, tin, gold, and platinum, form two distinct chlo- 
rides, and, as will be afterwards seen, two distinct 
sets of oxides and salts, corresponding respectively 
thereto. Several of the other metals also form two 
chlorides and two sets of salts, but only the chlorides 
shown in the table, and their corresponding salts, are 
familiarly known. Cuprous, aureus, and platinous 
salts, moreover, are for the most part very unstable, 
and rarely met with save when specially prepared. 

(4.) Each symbol, as exemplified in the above 
tables, represents one combining proportion, or atom 
of the element. Thus N stands not for nitrogen in 
general, but for 1-i parts by weight of nitrogen as 
compared with 1 part by weight of hydrogen. Che- 
mical combination is represented by the apposition 
of symbols; thus KCl signifies a compound of 39 
parts of potassium and 35.5 parts of chlorine united 
to form 7-±.5 parts of chloride of potassium. A small 
figure placed to the right of a symbol indicates a 
multiple quantity of that particular element. Thus 
HgCl,, or corrosive sublimate, signifies a compound 
of one atom of mercury with two atoms of chlorine. 
A larger figure placed to the left of an allocation 
of symbols multiplies the entire compound. Thus 
3HNO3 represents three proportions of nitric acid, a 
compound body consisting of one atom of hydrogen, 
one atom of nitrogen, and three atoms of oxygen. 
The single formula of a compound body represents 
the atom, or smallest individual proportion, of that 
particular compound, and its atomic weight is the 
sum of the atomic weights of its constituents. Thus 
the atomic weight of nitric acid H]Sr03= 1 + 14 +1(3 
x3 = 63. 

In writing the formulEe of compound bodies, it is 
sometimes found advisable to break them up in dif- 
ferent ways — by means of periods, brackets, paren- 
theses, &c. Thus for sulphuric acid we sometimes 
write H.O.SO, instead of H^SO^; for nitrate of am- 

3* 
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monium, NII^NOj instead of NJiPj ; and for plios- 

pbate of calcium GiiJi^PO^)^ instead of CajP^Oj. Some- 
times these breaks are purely arbitrary or conven- 
tional, and should then be dispensed with as much 
as possible. At other times they indicate a real 
molecular isolation of one portion of a compound 
from the remainder, when their use is perfectly legiti- 
mate. 

The symbol for the atom of an element is some- 
times marked with one or more dashes, to indicate its 
equivalency or interchangeable value for hydrogen. 
For instance, Ag is sometimes marked with a single 
dash to show that the atom of silver may be substi- 
tuted for an atom of hydrogen, so as to combine with 
an atom of chlorine, thus Ag'Cl. Again, Pb is 
marked v,rith two dashes, and Bi with three dashes to 
indicate that the atoms of lead and bismuth may be 
respectively substituted for two and three atoms of 
hydrogen, so as to combine with two and three atoms 
of chlorine, thus Pb"Cl, and Bi"'Cl3. 

The signs +, — , and = are used almost in their 
ordinary algebraical sense. The sign + signifies 
addition to, or rather mixture with ; the sign — sub- 
traction from ; and the sign = equivalency with, or 
rather conversion into. Thus the equation 2HC1 + 
CuO = CuCl2-f HjO, implies that an atom of hydro- 
chloric acid, mixed with an atom of oxide of copper, 
yields an atom of chloride of copper together with 
an atom of water. Or the equation may of course 
be written 2HCH-CuO— n,0=CuCl,. In modern 
chemistry the sign + is no longer used to express 
combination. 

(5.) Those hydrogenized compounds which can 
readily exchange some or all of their hydrogen for 
its equivalent of metal constitute the acids. From 
habit one particular reaction is adopted as the con- 
ventional criterion of acidity, namely that effected by 
the hydrates of potassium and sodium. An acid is 
simply a hydrogenized body which, when treated 
■\vith hydrate of potassium, can exchange hydrogen 
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for potassium with simultaneous formation of water, 
thus : — 



H,C,0, + 



KHO 



KH3CA 



+ 



H,0. 



The solutions of such bodies are generally found to 
have the power of reddening blue litmus paper, and of 
effervescing with alkaline carbonates, so that the pos- 
session of these properties may be looked upon as 
more or less characteristic of an acid. Oxygenized 
acids, such as the nitric HNO3, and acetic H^CjO^, are 
also called ternary, while non-oxygenized acids, such 
as the hydrochloric HCl, and sulphydric, H^S, are 
called binary. These binary acids were formerly 
known as hydracids. In most ternary acids the 
number of oxygen atoms is two, or three, or four, as 
shown below : — ■ 



H Cl 0, Chlorous. 



H3P Oj, Hypophos. 



H Cl O3 Chloric. 

H N O3 Nitric. 

HjS O3 Sulphurous. 



H ClOj Perchloric. 
H I 0^ Periodic. 
HjS Oj Sulphuric. 



HjP O3 Phosphorous. H3 P 0^ Phosphoric. 

It is not uncommon to have one or more, of the 
hydrogen atoms of a ternary acid which are not re- 
placeable by metal exchanged for chlorine, and some 
or all of its oxygen atoms exchanged for sulphur. 
Thus we have acetic acid H^Cp^, chloracetic acid 
HCljCjOj, and sulphacetic acid H^C^S^; with their 
corresponding salts, NaH3CjOj acetate, NaCl3C202 
chloracetate, and NaH^C^Sj sulphacetate of sodium, 
for instance. 

(6.) Acids in which only one atom of hydrogen can 
be replaced by metal are called monobasic. The 
principal monobasic acids with which the student 
will have to deal are the following : — 

Chloride of sodium. 
Chlorate of sodium. 
Bromide of sodium. 
Iodide of sodium. 
Nitrate of sodium. 
Borate of sodium. 
Acetate of sodium. 

* Another variety of boracio acid has the forraala H3BO3, and is 
trihasic. 



HCl 


Hydrochloric. 


NaCl 


H Cl O3 


Chloric. 


Na Cl O3 


H Br 


Hydrobromic. 


Na Br 


H I 


Hydro-iodic. 


Nal 


H NO3 


Nitric. 


NaNOj 


HBO, 


Boracic* 


NaBO^ 


H^C.O, 


Acetic. 


NaH3Ci,0^ 
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Ufi 


Hydi-ic acid 


H,S 


Sulpliydrio acid 


H,S03 


Sulphurous acid 


HijSOj 


Sulphuric acid . 


HjSiO, 


Silicic acid 


H,C03 


Carbonic acid . 


H,C,0, 


Oxalic acid 


H.C,0„ 


Tartaric acid . 



Potash. 

Oxide of potassium. 
Su'phydrate of sodium. 
Sulphide of sodium. 

Acid sulphite of sodium. 
Sulphite of sodium. 

Acid sulphate of K. 
Sulphate of potassium. 
Silicate of potassium. 
Acid carbonate of K. 
Carbonate of potassium. 

Acid oxalate of K. 
Oxalate of potassium. 
Cream of tartar. 
Rochelle salt. 



Acids in wliicli two atoms of hydrogen can be re- 
placed by metal are called diba.sic. The most import- 
ant of them are comprised in the following table :— 

f KHO 
I K,0 

f NaHS 

I NajS 

f NaHS03 

1 Na^SOj 

( KHSOj 

I K,SO, 

• KjSiOs 

( KHCO3 

I K,C03 

f KHCjO, 

I K,C,0, 

I KNaH.C.Oj 

Until lately many of these acids were considered as 
monobasio and represented by the halves of the for- 
mulas here given ; but the evidence of their dibasi- 
city is at present indisputable. This class of bodies 
includes sulphydric acid, or sulphuretted hydrogen, 
the sulphur analogue of water, which itself often plays 
the part of an acid, and is included in the foregoing 
list. 

Acids in wliich three atoms of hydrogen may be 
replaced by metal are called tribasic, the most imj:)ort- 
ant of which are — 

Phosphate of potassium. 
Phosphate of sodium. 
Phosphate of silver. 

Arseniate of silver. 

Citrate of silver. 

Monometallic and dimetallic arseniates and citrates 
are also familiarly known. 

The monometallic salts of dibasic and tribasic 
acids closely resemble the acids themselves in their 
action on blue litmus paper and on alkaline hydrates 
and carbonates. They constitute, indeed, a mere va- 
riety of the class of acids. 







( KH.PO, 


H3P0, 


Phosphoric acid 


. ^NajHPO, 
( AgjPO, 


H3AS04 


Arsenic Acid 


AgjAsO^ 


H.CeO, 


Citric acid 


> Ag3H,C,0, 
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In polyhydrogenized acids, it does not follow that 
the units of basicity are equal to the units of hydro- 
gen — acetic acid tlfifi^, tartaric acid lijC^O„, and 
citric acid H^CoOj for example, being but monobasic, 
dibasic, and tribasic respectively, or capable of ex- 
changing respectively but one, two, and three atoms 
of hydrogen for metal. 

(7.) In the illustrative salts above adduced, each 
atom of hydrogen in the acid has been displaced by 
cue atom of uniquivalent metal. Thus we had ni- 
trate of potassium KNO3, derived from nitric acid 
HNO3; oxalateof sodium Na^CjO^, derived from oxalic 
acidH^CjO^; phosphate of silver AgjPO^, derived from 
phosphoric acid HjPO^, &c. &c. But the salts of mul- 
tiquivalent metals have usually, though not invari- 
ably, a somewhat greater complexity of constitution. 
Their chlorides, derived from two or three atoms of 
hydrochloric acid, are given on page 16, and their 
other salts derived from monobasic acids are found 
to correspond closely with their chlorides. Thus di- 
chloride and dinitrate of tin, Sn"Clj and Sn"(]Sr03X, 
are derived from two molecules of hydrochloric aud 
nitric acid, HjCl^ and H2(N03)j, respectively; trichlo- 
ride and trinitrate of bismuth, Bi'" Cl^ and i3i"'(N03)3, 
derived from three molecules of hydrochloric and nitric 
acid, Il3Cl3andH3(N03). respectively. ButtheformulEe 
of the salts of dibasic acids with diquivalent metals and 
of tribasic acids with triquivalent metals are very 
simple. Thus lead sulphate Pb"S04, is derived from 
sulphuric acid H^SO^, and bismuth phosphate Bi'"PO^, 
from phosphoric acid n3P0^, &c. On the other hand, 
the salts of dibasic acids with triquivalent metals, and 
of tribasic acids with diquivalent metals, are highly 
complex. Sulphate of bismuth, for example, must 
be represented by the formula Bi'"j(S0j)3, derived 
from three atoms of sulphuric acid 115(80^)3, and so in 
other instances. 

(8.) It will be perceived from the above tables and 
examples that a salt is usually derived from its corre- 
sponding acid by a substitution of metal for hydrogen. 



22 CHEMICAL REACTIONS. 

Many salts, however, known as salts of the alkaloids, 
are formed in a different way — namely, by a direct 
union of the acid with ammonia or some other alka- 
loidal base; as exemplified by hydrochloride of am- 
monia NH3HCI, nitrate of ammonia NH3HNO,, &c. 
But salts of this character may also be considered 
to contain a composite metal, or rather metalloid, in 
place of the hydrogen of the acid. Thus by asso- 
ciating with each atom of ammonia in the salt an 
atom of h3'drogen from the acid, each such atom of 
ammonia NH, becomes converted into an atom of 
ammonium NH^, a pseudo-metallic grouping, which 
in its combinations presents a most marked analogy 
to potassium, as illustrated below : — 



Ammonia salts. 
NH3HCI Hydroclilor. 
NHjIINO, Nitrate. 
NH,H,SO, Acid sulph. 
(NHj)jH,SO, Sulphate. 



Ammonium salts. 

NH.Cl Chloride. 

NH.NOj Nitrate. 
NH.HSO. Acid sulph. 
{NH,),SOj Sulphate. 



Potassium salts. 
KCl Chloride. 
KNOj Nitrate. 
KHSO, Acid sulph. 
KjSOj Sulphate. 



Without assuming any knowledge of the actual 
molecular arrangement of ammoniacal salts, it is found 
most convenient in practice, especially when com- 
paring them with metallic salts, to regard them as 
salts of ammonium rather than as salts of ammonia. 
But the salts of the correlated alkaloids aniline, mor- 
phia, strychnia, &c., are usually represented after the 
manner of ammonia salts, thus: — 



Hydrochlorides. 
NHj . HCl Ammonia. 
C5H,N . HCl Aniline. 
C„H,9N(\ . HCl Morphia. 
Cj.Hj^NjOj . HCl Strychnia. 



Acetates. 

NH3 . HjCjOj Ammonia. 

C5H,N . HjC/\ Aniline. 

C|,H,gN03 . HjCjO^ Morphia. 

CaiHizN-aOj • ^fii^i Strychnia. 



(9.) It -was formerly the cu.stom to regard ternary 
acids as compounds of one or more et^uivalents of 
water with a special oxidized grouping, and the cor- 
responding salts as compounds of one or more equiva- 
lents of metallic oxide with the same oxidized group- 
ing. Thus the formulas of chloric acid and chlorate 
of potassium were written H^O.CljO, and K.^CCl^Oj, 
corresponding to 2IIOIO3 and 2KCIO3 respectively. 
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But this custom, which was based on assumptions 
since shown to be erroneous, is now falling gradually 
into disuse. Thus the acids of chlorine form the fol- 
lowing series, the ternary members of which may be 
obtained by direct and successive oxidation of the 
binary member, hydrochloric acid, the hydrogen of 
which cannot possibly exist in the state of water: — ■ 



HCl 


Hydrochloric. 


KCl 


Chloride. 


HCIO 


Hypochlorous. 


KCIO 


HypoL-hlorite 


HCIO2 


Chlorous. 


KCIO2 


Clilorite. 


HCIO, 


Chloric. 


KCIO3 


Chlorate. 


HCIO, 


Perchloric. 


KCIO, 


Perchlorate. 



It is true that many ternary acids and salts may be 
directly or indirectly formed from, or separated into, 
a special oxidized grouping and water or metallic 
oxide, but the same acids and salts may also be formed 
from, or sepai'ated into, a variety of other sub-com- 
pounds, and the one mode of composition or decom- 
position has no more right than has each of the others 
to set up for itself a rational formula. Thus if we act 
upon sulphate of copper by metallic iron, magnesia, 
peroxide of barium, and sulphide of sodium respec- 
tively, we have the following reactions : — 

CuSO, or Cu .SO, + Fe = FeSO, or Fe . SO, + Cu 

CuSO, or CuO .SO3 + MgO = MgSO, or MgO . SO3 + CuO 

CuSO, or CuOj-SOj + BaO^ = BaSO, or BaO^ . SOj + CuOj 

CuSO, or CuS . 0, + Na^S = Na^SO, or Na^S . 0, + CuS 

From each of these reactions there might, with equal 
reason, be inferred the pre-existence in sulphate of 
copper of the respective groupings SO,, SO3, SO,,, and 
CuS; and the correctness of the respective rational 
formulas Cu.SO,, CUO.SO3, CuO,.SO„ and CuS.O,, in 
accordance with the theories of Dulong, Berzelius, 
Longchamps, and Laurent respectively. Moreover, 
sulphate of copper may be electrolyzed into Cu and 
SOj-f O, while it may be formed by combining CuO 
with SO3, or CUO2 with SOj, or CuS with O,. From 
considerations of this kind chemists have thought it 
better to employ, as much as possible, what are called 
synoptic formulae, which express only the composition 
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of acids and salts, and not tlieir internal molecular 
arrangement. 

(10.) The anhydrous acids assumed to pre-exist in 
ternary acids and salts are mostly hypothetical, but 
those which have an actual independent existence are 
found to be quite devoid of acid properties, and in 
their reactions upon various classes of bodies to differ 
greatly from the corresponding acids. Hence the ap- 
pellation acid is altogether inapplicable to them, and 
consequently the phrase anhydrous acid is become 
gradually disused, and the word anhydride adopted 
in its stead. The only anhydrides often concerned in 
chemical reactions are the carbonic, silicic, stannic, 
sulphurous, and arsenious. With the carbonic and 
sulphurous anhydrides may be associated carbonic 
oxide and sulphuric anhydride respectively, as in the 



following table : — 




CO 


Carbonic oxide. 


CO, 


Carbonic anhydride. 


SiOj 


Silica. 


SnO^ 


Stannic anhydride. 


SOj 


Sulphurous anhydride. 


SO3 


Sulphuric anhydride. 


As,0, 


Arsenious anhydride. 



The carbonic, silicic, stannic, sulphurous, and arse- 
nious acids are unstable, ill-defined bodies, which 
readily break up into water and the resjpective anhy- 
drides. 

(11.) The general term salt is often taken to include 
the acid, or salt of hydrogen, as well as the salt of a 
true metal, such as sodium, or of a quasi-metal, such 
as ammonium. Using the term in this broad sense, it 
may be said that whenever different salts of different 
bases or basylides occur in solution, they undergo 
mutual decomposition to a greater or less extent ac- 
cording to circumstances. Thus when solutions of 
chloride of hydrogen and nitrate of sodium are mixed 
together in equivalent proportions, we have produced 
some chloride of sodium and nitrate of hydrogen 
together with some unaltered chloride of hydrogen 
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and nitrate of sodium, or the two salts become four 
salts, thus : — 

xHCl + xNaNOj = ^NaCl + yHNOj + (r— y)HCl + (i-— y)NaN03. 

But whenever any one of the freshly formed salts 
is removed from the sphere of chemical action by 
precipitation or volatilization, there is a complete 
instead of a partial decomposition, thus : — 

iHCl + xAgNo, = xAgCl + jtHNOj. 

Hence we arrive at the following general law. 
Any two salts which, by an exchange of their re- 
spective basylides, can, under the conditions of the 
experiment, form an insoluble or volatile compound, 
undergo a complete double decomposition with pre- 
cipitation of the insoluble or evolution of the volatile 
compound. Oxalate of calcium, for instance, being 
insoluble in water, we know that when chloride of 
calcium solution is mixed with excess of oxalate of 
ammonium solution, the whole of the calcium will be 
precipitated in the form of oxalate of calcium, thus : — - 

CaClj -f (NHj)i,CjO^ = 2NH,C1 4- CaC^O^. 

Again, acetic acid or acetate of hydrogen being 
volatile at a moderate temperature, we know that 
when acetate of sodium is heated with sulphate of 
hydrogen a double decomposition will take place, 
and acetic acid be liberated, thus : — 

NaHjCjOj + HjSO^ = H.CjOj + NaHSO,. 

As will hereafter be seen, the deposition of charac- 
teristic precipitates and evolution of characteristic 
gases or vapors constitute the most general means by 
which the presence of particular bodies can be ana- 
lytically established. 
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?II.— CHEMICAL MANIPULATION. 

(12.) The spirit-lamp is very useful for many opera- 
tions, especially when a small, smokeless, not over 
hot flame is required. The charcoal burner is scarcely 
necessary in a laboratory furnished with gas, but is 
otherwise almost indispensable. In a chauffer of the 
kind figured on page 54, one or two places of charcoal 
may be kept slowly burning, by occasionally blow- 
ing off the ash ; or a large brisk fire may be kept up, 
capable of boiling a gallon or more of water. A few 
pieces of charcoal may also be readily burnt on a 
coarse wire grating or trellis, resting by its edges on 
a couple of bricks or other suitable support. But 
gas is by far the most convenient fuel for ordinary 
laboratory work. Among burners which are very 
generally useful may be mentioned the bat's-wing- 
gauze burner. This consists of a large bat's-wing 
nipple, screwed into an elbow of brass tube standing 
on a flat iron foot, and provided with a gallery of 
some kind to support a brass chimney covered at the 
top with wire gauze. The bat's-wing flame burnt 
without the chimney is convenient for bending glass 
tube, and when reduced by partially turning oft' the 
gas, is well fitted for blowpipe testing (Fig. i). With 
the chimney on, and the ascending mixture of gas 
and air burnt at the top of the gauze, as shown on 
page 50, a large smokeless flame is obtained suitable 
for heating sand-baths, flasks, test-tubes, &c. An 
argand burner, screwed into a flat iron foot and pro- 
vided with a short brass chimney, is also convenient 
for many purposes, especially when a steady long- 
continued heat is required. When small flasks, &c., 
have to be heated, a flat brass ring with an aperture 
about the size of a shilling may be placed on the top 
of the argand chimney so as to confine the heat. In 
the Bunsen burner (Fig. 1), gas issues from a short jet 
fixed in the interior of an upright tube, having holes 
at the bottom through which air is sucked in, so as 
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to produce a mixture of gas and air to be burnt at 
the top of the tube. Tlie flame is sniokeless, and 
from its great heat well 
suited for ignitions on 
a small scale. In many 
Bunsen burners the gas 
may be either burnt in 
a single upright flame, 
as above described, or 
in a flat rosette of 
smaller jets well adapt- 
ed for evaporations, 
distillations, &c., as 
shown on page 52. The 
Bunsen burner may be 
further modified by 
slipping into its up- 
right tube, a some- 
what narrower tube, having an expanding, broad, flat 
opening — the flat flame from which is especially suit- 
able for blowpipe use. Herapath's burner (Fig. 2), 
is a very useful instrument for effecting strong igni- 
tions or fusions, and for glass working. It consists 
of a large blowpipe jet a, connected with the mouth- 
piece by a flexible tube, and sliding in the interior of 
a brass tube b, furnished with a supply of gas through 
a lateral projection c, fitting on to an elbow on which 
it moves easily, so as to allow of the flame being 
turned in any direction. 

(13.) The mode of using the mouth blowpipe, 
though difficult to describe, is, fortunately, very easy 
to learn. The best blowpipe for general laboratory 
use is that designed by Dr. Black (Fig. 3 a). It con- 
sists of a small conical tube of brass or tin plate 
closed at its broad, and open at its narrow end, which 
is usually furnished with a mouthpiece of bone or 
ivory. From the side of the cone near its broad end, 
there projects a piece of narrow tube about an inch 
long terminating in a jet, through which the current 
of air issues. This jet or nozzle should be turned out 
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of a solid piece of metal, should be strictly conical 
both inside and out, and should fit on to the conical 

Fig. 2. 




end of the narrow tube by mere pressure without 
screwing. It is advisable to have a fine jet for test- 
ing, and a coarse jet for glass working and general 
heating; but for these last purposes a common bra- 
zier's blowpipe (Fig. 3 //), or even a bent glass tube 
drawn out to a fine point (Fig. 3 c), will usually suffice. 

A coarse bat's-wing burner with the gas partly cut 
oft", so as to produce a flame scarcely larger than that 
of a candle, will be found very convenient for blow- 
pipe testing ; but in default of gas, the flame of a 
large candle, or of a spirit lamp fed with solution of 
turpentine in spirits of wine, may be employed. The 
candle-wick should be cut of medium length, and 
turned in the same direction as the blowpipe jet. 

In using a blowpipe, the air must be projected by 
the muscles, not of the chest, but of the mouth, which 
should be blown out like a trumpeter's. The breath- 
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ing has to be carried on tlirongli the nose only; and, 
after a little practice, it will be found easy to keep 



Fig. 3. 




np a continuous pressure with the cheeks and lips 
quite unaffected by the alternating respiratory move- 
Fig. 4. 




raents of the trunk. The mouth should never be 
allowed to get exhausted of air, but be constantly 
replenished from behind through the nose. It will 
be requisite for the student to acquire the power of 
producing either an oxidizing or reducing flame at 

3* 
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will. To produce an oxidizing flame (Fig. 4), tbe 
extremity of the jet should be placed iu.side the gas, 
or candle-flame, and a steady not too forcible current 
of air maintained. By this means, a continuous, 
silent, lateral flame, of sharply-defined conical form, 
■will be produced. The interior of this flame close 
to the jet will be dark, and contain an excess of cold 

air from the mouth ; 
^'g- ^ - while surrounding it 

will be seen a some- 
what thick layer of 
clear blue. Thisisthe 
cone of perfect com- 
bustion, the pointed 
extremity of which 
constitutes the hottest 
part of the flame. 
Outside this blue cone, more especially at its termi- 
nation, will be perceived a very slightly luminous 
yellow cone, in which the external air is in excess 
and at a very high temperature. This constitutes the 
oxidizing portion of the flame, by exposure to which, 
a small piece of metallic tin, the size of a pin's head, 
should gradually swell up into a pulverulent mass of 
peroxide of tin. To produce a reducing or deoxi- 
dizing flame (Fig. 5), the blowpipe jet, which should 
be rather iine, is placed just outside the gas- or can- 
dle-flame, and a somewhat forcible current of air 
maintained. The resulting blowpipe flame is much 
less sharply defined than that previously described, 
and consists principally of a large luminous cone con- 
taining an excess of unconsumed carbon, which exerts 
a jjowerful reducing action. A minute portion of 
peroxide of tin, heated in this flame on a charcoal 
support, may be readily brought to the metallic state 
even without the use of a flux. 

The heating power of the blowpipe flame depends 
upon the continuous impulsion of hot gaseous matter 
on to the substance under examination, and upon its 
rapid removal so soon as it has imparted its heat by 
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contact. Moreover, a very perfect combustion of the 
fuel is effected, partly by air projected through the 
jet, partly by external air drawn in from the sides of 
the jet and flame, and coinciding in direction with 
the projected stream. 

(14.) Some amount of skill must be attained by the 
chemical student in constructing apparatus of glass 
tubing, and in otherwise working with glass. Ordi- 
nary tubing or rod may be cut of any required length 
by making a firm scratch, across it with a triangular 
file, and then breaking it sharply at the file-mark by 
a conjoint pull and bend. Glass may also be, as it 
were, sawn through by means of a file, but the opera- 
tion is rather tedious. It maybe much facilitated by 
occasionally wetting the file with turpentine, or even 
•with water. Glass may be bored through in a simi- 
lar manner by a drill or a hard bradawl dipped in 
turpentine. When the neck of a flask, rim of a 
beaker, or portion of other glass apparatus, becomes 
cracked, a piece of ignited charcoal, or preferably of 
pastille, held in contact with the glass immediately in 
front of the crack, will serve to extend it in any de- 
sired direction, so as to cut off the neck or rim, &c. 
The charcoal may be kept alight by gently blowing 
on it. Pastilles are made of charcoal powder formed 
into a mass with thick gum, and rolled into quill- 
sized sticks, which are dusted with charcoal and 
dried. 

Glass stirring rods are best made from a piece of 
solid rod or cane long enough for two stirrers. This 
is to be heated at its middle point in the blowpipe 
flame, turning it constantly round and gently extend- 
ing it, until a constriction is formed, which when 
cold is scratched with a file. The two halves are 
then snapped apart, and the ends of the stirrers 
rounded off by directing the flame upon them for a 
few moments. 

Subliming or reduction tubes are made by taking 
a piece of glass tubing of about 0.2 inch bore and six 
inches long, heating it at its middle point in the 
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Fig. 6. 



Llowpipe flame until the glass is thoroughly softened, 
and then gently palling the two halves asunder. The 
glass of which these tubes are formed should be clear, 
thin, and difficultly fusible. 

Ordinary glass tubing, unless very thick, may be 
bent in the flame of a bat's-wing or Bunsen burner. 

The piece of tubing should 
be heated over a considera- 
ble portion of its length, 
either at once or succes- 
sively, and as it gradually 
softens be bent into the re- 
quired shape. The produc- 
tion of any constriction in 
the bore may be avoided by 
causing some length of tube 
to take part in the bend, 
which should never form a 
sharp angle, but a well- 
rounded curve, as in the sy- 
phon (Fig. 6). 

Glass tubing may be drawn 
out to an almost capillary 
point, as in the jet of a wash bottle, end of a pipette, 
&c., by heating a portion of it, about a quarter of an 
inch long, until it just softens and then steadily pull- 
ing until a sufficient constriction is produced, which 
is afterwards scratched with a file and snapped across. 
The point may have its edges rounded, and its aper- 
ture further diminished if necessaiy, by holding it in 
the flame for a few seconds or so. In order to point 
the extremity of a piece of tubing, another piece of 
tubing or rod must first be joined to it by the blow- 
pipe, so that the necessary extension may be made. 
It is often advisable to thicken a tube slightly at the 
spot where it is to be drawn out, by rotating it for 
some time in the flame, and gently pressing its ends 
together. In this way the conical aperture may be 
made both strong and fine. 

(15.) Glass-blowing is a valuable accomplishment 
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to the practical chemist, but there are only one or 
two small operations with which it is actually neces- 
sary for the student to become familiar. It will be 
rarely worth while for him to make his own test- 
tubes, but he should be able to reseal any that have 
got accidentally broken. By means of the blowpipe, 
a piece of waste rod or tubing must first be joined 
firmly on two or three projecting points of the broken 
end, and be made to coincide as nearly as practicable 
with the axis of the test-tube, as in Fig. 7. Then, at 

Fig- 7. 



about half an inch or more from its broken end, the 
tube is to be steadily heated in a large blowpipe- 
flame, and constantly rotated until a considerable 
constriction is formed, when gentle extension may be 
employed. The flame is next to be directed upon 
what will form the bottom of the tube, just at its 
bend or shoulder, and the extension continued. By 
this means the end to be pulled away will be left 
irregularly conical, and that of the new tube well 
rounded. Finally, the thread of glass proceeding 
from the cone is to be strongly heated at its junction 
with the tube until it melts and becomes detached. 
There is thus always left on the bottom of the tube a 
little burr or projection of melted glass, which, if suf- 
ficiently small, may be made to disappear by heating 
it and the whole bottom of the tube until the glass is 
soft, and then blowing into the tube with moderate 
force while rotating it in the mouth. The burr, if too 
large for this treatment, may be melted in a small 
blowpipe-flame, and then have a piece of waste tubing, 
previously warmed, applied to it, and quickly drawn 
away, so as to bring the burr with it. In this manner 
a small burr will be left, which may be melted into 
the bottom of the tube as above described. The 
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mouth of a test-tube may be everted by softening it 
in the flame, and then bending the edge uniformly 
outwards with the smooth end of an old file pre- 
viously heated nearly to redness; or else a conical 
piece of charcoal may be twisted into the softened 
mouth of the tube. 

Glass tubes sealed at both ends constitute the best 
means of preserving small specimens, either of liquid 
or solid. One end of the tube is first sealed as if for 

a test-tube, save that the 
Fig. 8. Fig. 9. small burr need not be in- 

terfered with. The other 
end is then constricted to a 
greater or less extent, ac- 
cording to the size of the 
specimen to be introduced, 
so as to leave a funnel- 
shaped appendage, as in 
Fig. 8. Liquids may be in- 
troduced through a very 
constricted opening by al- 
ternately warming and cool- 
ing the body of the tube 
while the liquid is con- 
tained in the funnel. After 
the substance has been in- 
troduced, a small blowpipe- 
flame is gradually brought 
to bear upon the constric- 
tion, and the sealing com- 
pleted. Very careful heat- 
ing is more particularly re- 
quired when the constriction 
is moist from the passage of 
liquid. For practice the 
student should seal up small 
tubes filled to within an inch 
or so of their length with 
water, spirit, sulphur, sugar, 
&c. When sealed tubes are 
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used for effecting reactions under pressure, their ends 
have to be made with great care so as not to be less 
resisting than the original sides. 

When a small bulb has to be blown upon the end 
of a piece of tubing, the closed end must first be 
thickened by rotating it in the flame for some time, 
and pressing it up with a piece of charcoal until 
enough glass has accumulated. This thick portion 
has next to be strongly heated, then withdrawn from 
the flame, and have air quickly but gently blown into 
it from the other end, during constant rotation of the 
tube in the mouth. Or a bulb may be blown in the 
course of a tube, as in making a bulb pipette (Fig. 
9 b), for instance. For this purpose a portion of the 
tube is to be thickened considerably by rotating it in 
the flame for some time and gently pressing the two 
ends together. The nearest end is then to be closed 
with a cork, and the thickened portion, having been 
strongly heated, is to be distended into a bulb by 
blowing into the tube at the other end, during its 
rotation in the mouth. In making a pipette, a strong 
capillary termination should be first formed, and the 
bulb afterwards blown. The suction orifice may l)e 
everted or not at pleasure. The successful blowing 
of even small bulbs will not be found easy save after 
considerable practice. 

(16.) Connections of tubing and apparatus are made 
in various ways. Two pieces of tubing of the same 
diameter may be sealed together, but the operation 
requires some amount of skill for its performance. 
The two ends, well adapted and by preference slightly 
everted, should be heated to softening in the Bunsen 
or blowpipe flame, and then brought steadily into 
contact, taking care that the edges exactly coincide. 
The junction has then to be heated for some time, 
constantly rotating the tube, and alternately pusliing 
and pulling the free ends, one of which should be 
stopped with a cork, and the other occasionally blown 
into, so as to maintain a proper calibre. A piece of 
wide may be joined to a piece of smaller tubing, by 
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first drawing out tlie former to a point, and then cut- 
ting it across just where its diameter coincides with 
that of the narrow tube. The two can then be joined 
together as if originally of equal size. In this way 
funnel-tubes may be made. 

Glass tubes of more or less similar diameter are 
best connected by means of a short piece of vulcanite 
tubing, the internal diameter of which should be 
rather less than the exterior diameter of the glass 
tubes, so as to grasp them firmly by its contraction 
■without requiring to be tied. la the absence of vul- 
canite, small connectors may be made of sheet India- 
rubber, a piece of which of the required size is to be 
gently warmed, and wrapped round a glass rod or 
tube ; when its opposite edges, having been cut ob- 
liquely so as to overlap, and firmly pressed together 
with the thumb-nails, will, if freshly cut and perfectly 
clean, adhere thoroughly. The removal of the caout- 
chouc connector, from the tube or rod on which it 
has been made, may be facilitated by first moistening 
the rod in the mouth or afterwards dipping it in 
water. Glass tubes may often be advantageously con- 
nected by a considerable length of vulcanite tubing, 
which Can be closed at will anywhere in its course by 
pressing it together with a clamp of some kind, or 
■even by tying it tightly with a string. A stiff union 
of two tubes may be made by wrapping a piece of 
well-soaked bladder or parchment paper several times 
round their opposed ends, and allowing it to dry on. 
Or they may be first connected by a piece of vul- 
canite tubing, and then stift'ened by tying on one or 
two wooden splints made out of lucifer matches. In 
this way an ordinary funnel may be readily converted 
into a funnel-tube. An extempore funnel-tube may 
also be formed by merely resting a small funnel in 
the suction-orifice of a plain straight pipette (Fig. 9 a). 

A small tube may be adapted to a considerably 
larger one, or to the neck of a flask or bottle, by 
means of a well-fitting perforated cork, the size of 
which can be readily reduced to any required extent 
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by rasping and filing. A sound cork of slightly 
conical shape, and of such a size as to require some 
little force for its insertion, having been softened by 
pressure between the fingers or rolling under foot, 
should be pierced by thrusting the point of a rat-tail 
file half way through it from each end, and then right 
through. The hole so made must be enlarged by 
filing until of a size to fit the tube tightly. When 
two or more holes have to be made in the same cork, 
care must be taken to have them all parallel, and as 
equidistant as possible from one another and from the 
outside of the cork. For making the necessary per- 
forations variously-sized brass tubes with cutting 
edges, known as cork-borers, may be used with ad- 
vantage instead of files. The holes made with them 
should always be rather too small at first, so as to 
require some little enlargement by filing. By means 
of cork-borers, very admirable substitutes for corks 
may be cut out of solid vulcanite. The end of a tube 
to be inserted through a perforation should always be 
rounded off by carefully heating it to redness, so that 
it may not cut or tear the bore, through which it is, 
after cooling, to be gradually thrust with a screw-like 
motion. If fitting very tightly, it may advantageously 
be greased before its insertion. The cork, with its 
tube or tubes, is next to be fitted to the neck of the 
flask or bottle by direct pressure with the fingers and 
by gentle screwing. That the junction is air-tight 
may be ascertained by sucking out or blowing into 
the apparatus, and noticing with the tongue whether 
any exhaustion, or by the ear whether any compres- 
sion, is produced. Lutes should be avoided as much 
as possible, but sealing-wax, varnish, white lead, and 
linseed meal paste are sometimes useful to stop a leak. 
Occasionally two pieces of tubing of more or less 
similar diameter are connected by being each of them 
inserted half-way through the opposite ends of a long 
perforated cork. 

(17.) By means of glass tubing, vulcanite connec- 
tors, and perforated corks, together with flasks, 
4 
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bottles, or test-tubes, the student may construct for 
himself a variety of useful apparatus, such, for in- 
stance, as the drop-bottle (Fig. 10). From this, when 

Fig. 10. 




surrounded by the warm hand and inverted, the water 
or other contained liquid issues in a succession of 
drops ; but when forcibly blown into and quickly in- 
verted, a jet of water springs forth with considerable 
but gradually decreasing force. This bottle, which 
should never be more than half filled, is convenient 
for moistening substances, and for washing down into 
filters or evaporating dishes the frequently adhering 
contents of inverted tubes and beakers. 

The wash-bottle also (Fig. 11), when held in an 
upright position and blown into through the short 
tube, furnishes a fine strong jet of water suitable for 
washing precipitates ; while, upon simple inversion, 
it delivers a coarse stream of water through the blow- 
tube, serving to dilute solutions, fill test-tubes, &c. 
The blow-tube may conveniently be made with a 
vulcanite joint or mouthpiece, so as to allow some 
freedom of movement during its use. The jet also 
may be attached by a cork joint, whereby it can be 
pointed in any direction. It is convenient to have 
several wash-bottles, one for cold distilled water, one 
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made out of a flat-bottomed flask for boiling water, 
one of smaller size for alcohol, &c. The neck of the 



Fig. 11. 




hot-water flask should be bound round with list or 
something of the kind, so as to allow of its being 
handled. The blow-tube of the alcohol flask may be 
temporarily closed by a short length of vulcanite, 
one end of which has been stopped with a bit of glass 
rod. 

Retorts suitable for the generation of gases are 
readily made by adapting a bent tube and cork to a 
small flask or test-tube, as in Fig. 12. But when the 
gas is liberable without the application of heat, a 
small phial, of such a shape as to stand firmly on the 
table, may be used instead of a flask. The addition 
of a funnel-tube is useful when fresh liquid has to be 
supplied from time to time in order to maintain the 
effervescence. The bottom of this tube must dip under 
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Fig. 12. Fig- !•''• 




liquid in the retort or bottle, so 
as to be cut off from the liberated 
gas. 

An arrangement of the kind 
shown in Fig. 13 is useful for 
testing the nature of a gas gene- 
rated by the action of a known 
liquid, usually an acid, upon 
some unknown substance. The 

acid is poured upon the other substance through the 
tube-funnel, and the gas conducted by the bent tube 
into the test solution, where its effects, if any, are 
observable. 

Gases often require to be purified by acting on 
them with certain liquid or solid reagents capable of 
retaining their different impurities, of which aqeous 
vapor is by far the most common. The solid reagent, 
divided into small pieces, is usually contained in a 
glass tube, either straight or bent in the form of the 
letter U — a little cotton wool or tow being interposed 
between it and the perforated corks of the tube. The 
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liquid reagent is either absorbed into pieces of pumice 
or other porous solid contained in a U-tube, or the 
current of gas is allowed to bubble up through the 
liquid contained in a two-necked bottle, or in a wide- 
mouthed bottle, or in a U-tube, according to circum- 
stances. Most insoluble gases, when required in a 
pure state, are first washed by their transmission 
through water, and then dried, if necessary, by being 
passed over chloride of calcium or pumice soaked in 
oil of vitriol. 

An apparatus for evolving sulphuretted hydrogen 
gas is indispensable to the analyst. For ordinary 
testing the generating bulb shown in Fig. 14 is very 

Fig. 14. 




convenient. Four or five small lumps of sulphide 
of iron, not larger than peas, are slid down the neck 
into the bulb, and covered to some depth with water. 
Sulphuric acid is then added little by little, until a 
brisk efiervescence is produced, which usually hap- 
pens when the acid measures about one-tenth part of 
the water previously introduced. The mouth is then 
closed by a tightly fitting cork, or even by the thumb, 
and the evolved gas transmitted through the solution 



42 



CHEMICAL MANIPULATION. 



to be examiDed. In the absence of the above de- 
scribed bulb, the arrangement shown on page 40 may 
be employed. The gas from either apparatus may be 
washed, if necessary, by transmission through a little 
water contained in a second generating bulb, or in a 
test-tube, as shown in Fig. 42. But when a con- 
tinuous supply of washed sulphuretted hydrogen is 
required, as in some toxicological experiments, a 
different arrangement is preferable. The gas is de- 
veloped in a Wolfe's bottle, into one neck of which 
there passes a tube-funnel, and from the other a deli- 
very-tube bent twice at right angles,- which dips 
through a wider tube into a second bottle charged 
with a very dilute solution of potash, and furnished 
with a delivery-tube conveying the gas into the solu- 
tion to be jarecipitated, as in Fig. 15. Bat contriv- 



Fig. 15. 



w 




ances of this kind may be infinitely varied, accord- 
ing to the fancy of the operator. 
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(18.) Filtration is performed in order to separate a 
mecbauically mixed liquid and solid, with a view to 
obtain the clear liquid which passes through the 
filter, or the suspended solid which is retained on the 
filter, or both liquid and solid apart from one another. 
For analytical purposes, a fine, thin, white blotting 
paper is employed as the ordinary filtering medium. 
Boiling Avater should not dissolve anything from it, 
and when burnt it should leave scarcely any appre- 
ciable ash. It is sold either in sheets, or preferably 
cut into circles of various sizes. A round or square 
piece of the paper is folded, in one or other of two 
ways, into the form of a cone, which, unless very 
small, should rest in a funnel of glas or fine porce- 
lain. When the object of filtration is merely to cla- 
rify the liquid, and especially when such liquid is at 
all viscid, or requires to be very quickly filtered, as 
often happens with a hot saturated solution, a ribbed 
filter is employed. The mode of folding this filter is 
not easily described, though very easily learnt from 
demonstration. A circle or square of paper is folded 
first into halves, then into quarters, and each of the 
two double quarters again into quarters, all the 
creases being made on the same side of the doubled 
paper ; each sector is next to be divided into two by 
a crease down the middle made on the o^iposite side of 
the still doubled paper. At this stage the filter 
assumes the form of a child's fan (Fig. 16 a), and in 
the event of a square of paper having been used, the 
projecting ends are to be cut off while the fan is 
closed. The doubled halves are then for the first 
time separated, which may be facilitated by blowing 
on to the edge of the papei', when a deeply ribbed cone 
will be produced, consisting everywhere of alternate 
internal and external angles, except at two opposite 
places where two external angles will be found to- 
gether, between each of which a subsequent fold 
must be made, so as to produce an internal angle 
between them. The filter is now completed, and 
when gently opened out has the form shown in Fig. 
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1(3 h. The different creases should be made very 
sharply at the circurnfereace, but indistinctly at the 



Fig. 16. 




centre of the paper for fear of weakening it too 
much. 

But when the chief object of filtration is to collect 
the suspended matter, most usually a precipitate 
especially thrown down, a plain filter is much to be 
preferred. A piece of paper is folded into halves 
and then into quarters, when it will have the outline 
of an isosceles triangle, with two straight and one 
curved side if folded from a circle, or with three 
straight sides if folded diagonally from a square, in 
which case the base must be cut round, as shown in 
Fig. 17 a. The filter is then opened out, leaving 

Fig. 17. 





three thicknesses on one side and one thickness on 
the other, so as to form a smooth cone (Fig. 17 h), 
which is carefully fitted into a funnel in such a man- 
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ner as to be well supported all round. The funnel 
should be rather larger than the filter, so as to pro- 
ject somewhat beyond it, while the filter itself should 
always project beyond the contained liquid. Where 
it is necessary to employ a double filter, the two 
should be folded separately, and so arranged in the 
funnel that the three thicknesses of the one may cor- 
respond to the one thickness of the other. The out- 
side filter is often made very small, so as merely to 
support the bottom of the other. A filter should 
always be wetted before receiving the mixture to be 
filtered. This is necessary in order to swell the paper 
and thereby close its pores, which are otherwise apt 
to become choked with the precipitate, if indeed 
some of it be not carried through by the rapid imbi- 
bition which at first takes place. When the liquid 
passes through the paper at all turbid, it should be 
returned once or twice into the filter, after which it 
will generally come through clear. It is usually 
advisable to let the mixture to be filtered subside a 
little before beginning its filtration. The compara- 
tively clear liquid is then poured off into the filter, 
and, when it has run through, the thick sediment 
added separately. The interior of the tube, test-glass 
or beaker, which contained the mixture, is next to be 
washed down by a small forcible stream from the 
wash-bottle, and the rinsings poured on to the deposit 
left in the filter by the draining away of the pre- 
viously added liquid. Lastly, by means of a wash- 
bottle, any deposit extending up the sides of the filter 
is washed down to its centre, so that the entire pre- 
cipitate may be collected into as small a bulk as pos- 
sible for further treatment. It is often necessary, 
moreover, to wash a precipitate thoroughly, so as to 
free it from every trace of soluble matter. This is 
done by projecting water upon it several times by 
means of the wash-bottle, and allowing the bulk of 
each addition to filter away before repeating the pro- 
cess, until, on evaporating down a few drops of the 
filtered washings, no residue whatever is left upon 
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Fig. 18. 



the slip of glass or platinum foil. The stream of 
water must not be too forcible, for fear of making a 
hole in the filter or causing a 
spirting of its contents. More- 
over, in pouring into an empty- 
filter, the liquid should be di- 
rected along the side and not 
immediately upon the point of 
the filter, which is its most 
unprotected and consequently 
weakest part; while the filtered 
liquid if received in a wide 
beaker or evaporating dish, 
should be made to run along 
the side of the glass or dish, so 
as to avoid spirting. Again, 
in pouring from one vessel 
into another — from a beaker 
or wide-mouthed flask into a 
funnel for instance — a glass rod 
shouldbe applied to the lip of the 
flask or beaker, as shown in Fig. 
18, not only to direct the course of the liquid into 
the funnel, but also to prevent any of it being spilt by 
running over the side of the delivering vessel. This 
running of liquid over the side may also be avoided 
by greasing that part of the lip which is poured from, 
with a little tallow or spermaceti ointment. 

When it is necessary to remove a wet precipitate 
from the filter on which it has been collected, the 
well-drained filter, carefully removed from its funnel, 
may be spread out on two or three folds of bibulous 
j'aper to absorb superfluous moisture, and the precipi- 
tate be then carefully scraped off from it by a spatula 
of ivory, platinum, or steel; or the drained filter may 
be spread out on one side of the funnel, and its con- 
tents washed quickly down by a forcible stream from 
the wash bottle ; or by means of a glass rod, a hole 
may be made in the bottom of a filter in situ, and its 
contents washed through; or the precipitate may be 
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dissolved off the filter by causing some solvent, 
usually an acid, to pass through it several times, pre- 
ferably at a boiling temperature. 

Decantation often furnishes a ready substitute for 
filtration in cases where the solid part of a mixture 
has subsided to the bottom of the precipitating glass. 
The speedy and complete subsidence of a freshly- 
formed precipitate may often be effected by violently 
shaking up the mixture for a few minutes in a closed 
vessel, when, after standing at rest for a little while, 
the clear supernatant liquor may be poured off with 
a steady hand, or be withdrawn by a syphon or pi 
pette. In using a pipette great care must be taken 
not to allow any of the liquid once sucked up to de- 
scend again upon the sediment so as to disturb it. A 
deposit from which the supernatant liquid has been 
removed by some form of decantation may be washed 
by pouring water on to it, stirring it well up, and let- 
ting it again subside for a second decantation, and so 
on. A thin layer of liquid overlying a deposit may 
often be sucked up very completely by a coil of 
bibulous paper, introduced with care so as not to dis- 
turb the deposit. 

Siphons and pipettes are useful not only for sepa- 
rating a supernatant liquid from a deposited solid, but 
also for separating two strata o idiffereat liquids from 
one another. 

(19.) Apparatus to be heated over the several burn- 
ers already described, may, according to its nature, 
be supported in various ways. It may rest on the 
ring, or be held by the clamp, of a retort-stand; or 
an independent upright clamp or tripod stand may be 
employed. The tripod is often replaced with advantage 
by a jacket of clay, or metal, surrounding the burner, 
and so preventing draughts, as shown in Fig. 19. Iron 
triangles also to rest on the top of the jacket, tripod, 
or retort-ring, are in constant requisition. A triangle 
of iron wire, sheathed with three pieces of tobacco- 
pipe, is useful for supporting small porcelain cruci- 
bles that have to be made red-hot, but the mass of 
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the tobacco-pipe interferes with the attainment of a 
very high temperature. Small triangles of platinum 
wire are far more convenient. 

Fig. 19. 




Flasks and retorts may be heated at some little 
distance over an argand flame without the interposi- 
tion of any medium. But with the gauze burner, and 
more particularly with the Bunsen burner, it is ad- 
visable to protect the bottom of the vessel by a piece 
of stout wire gauze. Beakers should be placed 
either on a flat iron plate or sand-bath, and the heat 
be raised cautiously. Porcelain evaporating dishes 
may be heated almost anyhow, according to circum- 
stances; but when the flame touches the bottom of 
the dish some little care is necessary, both at the com- 
mencement of the operation, and when the liquid is 
evaporated nearly to dryness. Watch-glasses require 
very careful heating. They are best held by the 
thumb and finger over a small flame, but may be sup- 
ported by forceps, wire-triangle, or special watch- 
glass holder. When containing liquid, to be heated 
by means of a sand-bath, they should not be depressed 
into, but just rest on, the top of the hot sand. Test 
tubes may be readily heated in the flame of a spirit 
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Fig. 20. 



lamp or gauze-burner. They should be held between 
the thumb and fingers, and be constantly shaken from 
side to side, especially during boiling, to prevent any 
sudden expulsion of the contained liquid, Avith which 
they should not be more than half filled. When the 
boihng has to be long continued, a piece of paper or 
cloth may be bound or twisted round the upper part 
of the tube, so as to protect the fingers. Test-tube 
holders are rarely of much use. 

Small capsules and crucibles, of platinum or Berlin 
ware, may be heated to redness over an argand (Fig. 20) 
or to full redness over a 
Bunsen burner, or by the 
blowpipe flame. They may 
be held either with forceps 
or on triangles of wire or 
tobacco-pipe. When a 
strong heat is required, they 
should be surrounded with a 
small jacket of metal or 
clay. 

Sand-baths are usually 
formed of sheet iron. Some 
are made rather deep to 
receive flasks and retorts, 
others nearly flat for beak- 
ers. The sand, which must 
not be heaped above the level of the liquid to be 
heated, should be of uniform size and rather coarse. 
An iron plate, or trellis of thick iron wire, forms an 
excellent substitute for a flat sand-bath. 

The water-bath is used for heating substances to a 
temperature not exceeding 100° C. A small saucepan, 
with an evaporating dish for a cover, forms a capital 
makeshift. The saucepan lid may be replaced by a 
series of broad rings of tin plate, having apertures of 
different sizes to support small evaporating dishes 
(Fig. 21), capsules, watch-glasses, necks of flasks, &c. 
Beakers, flasks, and retorts, to be heated in a water- 
'^ath, should not be allowed to touch the bottom of 
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the bath, but should rest on a piece of tow or folded 
cloth, as well to avoid danger from bumping as to 

Fig. 21. 




prevent the communication of an increased tempera- 
ture by contact with the heated metal. 

(20.) Heat is applied to liquids in order to warm, 
evaporate, boil, or distil them. Evaporations are 
performed on slips of flat glass, or on watch-glasses, 
or evaporating dishes. The crystalline forms of va- 
rious salts may often be recognized by dissolving a 
grain or so of the salt in a drop oz two of water on a 
glass slip, evaporating until a solid margin appears, 
and setting aside to crystallize. The residue may then 
be examined by a lens, or under the low power of a 
microscope. The evaporation of a small quantity of 
liquid, contained in a watch-glass for instance, may 
often be promoted by gently blowing on its surface 
for a little while. A dish in which evaporation is 
taking place (Fig. 19) may be loosely covered with a 
piece of filtering paper, stiffened by a glass strip 
passed through and across it; and care should be 
taken not to allow the liquid to boil. In evaporating 
to dryness, it is well to liave the heat lowered as the 
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process approaches completion, and the residue, if 
considerable, kept constantly stirred. 

Ebullition is conducted on a small scale in test 
tubes, and on a larger scale in flasks — Florence oil 
flasks being among the best and cheapest that can 
be employed. A flask of cold liquid, held over a 
naked flame, quickly becomes covered with a deposit 
of moisture, which it is advisable to wipe off once or 
twice. Ebullition sometimes takes place intermit- 
tingly, and with considerable jerking or bumping. 
This may often be prevented by introducing a coil of 
platinum wire or piece of tobacco pipe into the liquid, 
either before boiling or after cooling down a degree 
or two. If introduced during boiling, it is apt to 
produce a violent rush of 
vapor. It is occasionally F'g- 22. 

■useful to adapt a long up- 
right tube to the mouth 
of a flask (Fig. 22) in 
which a liquid has been 
heated, so that any vapor 
given ofi" may be con- 
densed in the tube, and 
flow back again into the 
flask. 

Distillation is usually 
conducted in an apparatus 
composed of a boiler, con- 
denser, and receiver. On 
a small scale the boiler is 
represented by a glass re- 
tort, or flask with its bent 
tube, the receiver by a 
test tube, flask, or bottle, 
and the condenser by a 
long glass tube placed 
between the retort and 
receiving flask, and sur- 
rounded either by a con- 
stantly changing layer of water, as in Liebig's 
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condenser, or by a piece of blotting-paper kept moist 
by the constant dripping of water. Very often a 
separate condensing tube is dispensed with, and the 
long neck eitlier of the retort or receiving flask alone 
employed. Fig. 23 shows a very simple arrangement 
of this description. The liquid is boiled in a long- 
necked retort, and the distillate conducted by means 

Fig. 23. 




of a bent adapter into an upright bottle. A twist of 
thoroughly wetted tow, or lamp-cotton, is tied some- 
what tightly around the retort-neck, at about an inch 
above the point where it enters the perforated cork 
of the adapter, and the ends of the twist allowed to 
hang down for two or three inches. A piece of filter- 
ing paper of suitable size and shape to embrace almost 
the entire circumference of the neck, and reach from 
just above the twist of tow almost to the curve of the 
retort, is moistened with water, laid upon the retort- 
neck and bent round it so as to adhere closely. A 
second piece of filtering paper is at first folded by 
means of three creases into four strips, and then 
placed over the other, so that the flaps being bent 
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down, its middle portion will form a small cLannel 
along the top of the retort-neek. It should be about 
two-thirds the length of the other, and not reach so 
high up. By this arrangement the water constantly 
dropping out of a partly plugged funnel from the 
height of half an inch or so on to the surface of the 
inner paper, at a little distance from its upper extre- 
mity, is conveyed along the channel, spread uniformly 
over the retort- neck, and drained away by the twist 
of tow. If the short length of neck intervening be- 
tween the twist and adajjter be dry at the beginning, 
it will continue so throughout the experiment. For 
further security, however, it may be marked with a 
ring of grease. Adapters are of all shapes and sizes. 
Such a one as that shown in the woodcut is easily 
made out of a piece of tubing or broken retort-neck. 
Others, intended to act more or less as condensers, 
are represented in Fig. 24:. Another convenient form 




of distilling apparatus is shown in Fig. 40. The 
boiler consists of a round flask, from which a long 
wide bent tube dips through a perforated cork into a 
Florence flask, resting in a basin of water. The cork 
must either not fit tightly or have a slit cut in it, so 
as to permit the escape of any uncondensed vapor. 
The neck and upper surface of the receiving flask 
should be surrounded with filtering paper, on to 
which water should drop from a funnel. A bend of 
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sheet lead may be placed over this flask, so as to sink 
it in the water. , 

One of the simplest varieties of Liebig s condenser 
is shown in Fig. 25. It is merely a cylinder ot tin- 
Fig. 25. 




plate, having four slightly conical tubular apertures- 
two in the same plane with each other at either side 
of the cylindrical surface, and two opposite each 
other in the terminal circular planes. By means of 
■well-fitting perforated corks a funnel tube of tin-plate 
or glass is inserted into the distant horizontal aper- 
ture, and an exit tube of tin or glass into the other, 
while the distilling tube extends through the axis of 
the cylinder. The hot contents of the distilling tube 
pass downwards, becoming colder and colder in their 
descent, while the stream of cold water entering 
the condenser through the funnel passes upwards, 
becoming hotter and hotter in its ascent until it 
escapes at the overflow pipe. The condenser may be 
fastened to a retort-stand with string or wire, as in 
the figure, or may be supported by a clamp of some 
kind. Liebig's condensers are made in every variety 
of form, size, material, and construction — some of 
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them being provided with special supports, which 
allow them to be heightened or lowered at will, and 
placed at any desired inclination. 

(21.) Heat is applied to solids in order to warm, dry, 
ignite, fuse, or volatilize them. Any tube, flask, or 
retort, the interior of which cannot be reached by the 
fingers, should, after thorough cleaning,* be rinsed 
once or twice with distilled water, and then drained 
as dry as possible by means of draining pegs or some 
other mode of support. It should next be warmed 
carefully over a gas flame or in front of a fire, and 
the hot moist air sucked out of it from time to time 
by the aid of a long tube reaching into it for some 
considerable distance, as shown in Fig. 26. Narrow 

Fig. 26. 




glass tubing is dried by heating some length of it over 
a gas burner or spirit lamp, and simultaneously 
sucking air through it with the mouth. In the absence 
of an air or water-oven, reduction tubes and similar 
small pieces of apparatus may be dried by heating 
them on a sand-bath standing over a burner ; or pre- 
ferably on a flat iron plate, which in many other 
cases also may be advantageously substituted for a 
sand-bath. Moist powders of various kinds may be 

* There is seldom much difficulty in cleaning laboratory glass from 
any stain or dirtiness, when it is not of long standing, by means of 
cold or hot water and dilute or strong acids or alkalies, aided by 
extempore brushes made of moist tow dipped in sand and fastened 
on to thick pieces of wire, or by tube-brushes made specially for 
the purpose. Flasks, retorts, &c., may ofteu be very efficiently 
cleaned by shaking them up somewhat violently, after the intro- 
duction of a little water and a few pieces of soft paper or rag. The 
interior of narrow glass tubing is best cleansed by pushing a piece 
of moist filtering paper through it. 
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dried on a water-bath, or sand-bath, or by ignition 
over an argand burner, &c., according to circumstan- 
ces. A washed precipitate retained in its filter and 
funnel may often be quickly dried by supporting the 
funnel on a broken beaker or short lamp-glass stand- 
ing upon a trellis of iron wire, underneath which a 
small gas flame is kept burning (Fig. 27). Or the filter 
may be supported over a heated iron plate by means 

Fig. 27. 




of a small tripod-stand, easily made out of copper 
wire. "When nearly dry, the filter with its contents 
may be removed from the funnel and placed in a 
water-bath ; or the washed precipitate and filter may 
be removed carefully from the funnel, pressed gently 
between folds of blotting paper, and placed at once in 
the water-bath. At moderate temperatures, drying 
over oil of vitriol in the exhausted receiver of an air- 
pump takes place with considerable rapidity. More- 
over, a shallow air-pump jar standing on a plate of 
ground glass over a dish of oil of vitriol or quicklime, 
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forms a very convenient chamber in wliich all sorts 
of bodies may be dried and kept dry. 

Animal solids are frequently subjected to ignition 
in order to burn off their organic, and leaVe behind 
their mineral matter, or ash. The tissue, &c., may be 
first carbonized in small portions at a time in a thin 
Berlin capsule or crucible, heated over a gauze bur- 
ner, in some place where the empyreumatic vapor, 
&c., can be readily got rid of. The resulting charcoal 
should then be pulverized, and the powder heated 
steadily for some hours in a shallow platinum capsule, 
or on a tray of platinum foil, supported over an 
argand flame, when the charcoal will gradually burn 
away, and a white or grayish ash be left. The tem- 
perature should never exceed that of dull redness, 
as otherwise the ash, save that of blood, is apt to fuse 
over the remaining charcoal, and so prevent its com- 
bustion. The operation is much facilitated by pro- 
tecting the capsule from draughts, and particularly 
by placing over, but not immediately upon it, a cover 
of thin platinum foil. Carbonate of sodium and other 
fluxes employed in testing, are often heated to dull 
redness over an argand flame just before being used. 
Moreover, in quantitative analysis, filters and their 
contained precipitates have constantly to be burnt, 
with a view of getting rid of the filter-paper and leav- 
ing the precipitate in a state fit for being weighed. 
The ignitions made on charcoal or platinum wire in 
the course of blowpipe testing will be presently de- 
scribed. ^ 

Independently of the many fusions made in the 
course of blowpipe testing, others ona somewhat larger, 
though still very small scale, have occasionally to be 
performed by the student. There are, for instance, a 
few substances which require to be fused with car- 
bonate of sodium or potassium, either alone or mixed 
with some other reagent, before they can be brought 
into a state of solution, and so identified by ordinary 
analytical processes. The insoluble substance is 
usually incorporated with three or four times its bulk 
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of a mixture of carbonate of sodium with carbonate 
of potassium, or in some cases with either the nitrate 
or cyanide of potassium, and heated to thorough fusion 
over a Bunsen or blowpipe flame, in a pkxtinum or 
porcelain capsule, or in a small iron spoon. In mak- 
ing these fusions, it is most important that both the 
substance and flux be well dried, very finely pow- 
dered, and intimately commixed. The capsule or 
crucible should be heated at first very gradually, but 
ultimately to the highest attainable temperature. 

The only volatilizations which the student will be 
called upon to perform are made in narrow glass 
tabes — open at both ends when a current of air is 
required to act upon the heated substance, or open at 
one end only when a simple sublimation is intended. 
Powdered substances of various kinds may be intro- 
duced into narrow tubes open at both ends, by first 
placing a suitable quantity of the powder in a gutter 
of stiff glazed paper, pushing this gutter with its 
contents into the tube held horizontally, then invert- 
ing the tube and gutter, and, lastly, withdrawing the 
gutter while still inverted. The same method may 
sometimes be used with closed subliming tubes, so as 
to avoid soiling their interiors, but is unnecessary when 
both substance and tube are thoroughly dry. The tube, 
whether open or closed at one end, should be made 
of hard glass, and be heated in the flame of a spirit 
lamp or Bunsen burner. 

(22.) Although quantitative analysis does not come 
within the scope of this work, yet a few words on 
weighing and measuring may not form an inappro- 
priate addition to the foregoing remarks on chemical 
manipulation. The general adoption of the French 
metrical system, of which the gramme is the unit of 
weight, and the cubic centimetre or bulk of a gramme 
of water at its greatest density the most usual unit 
of measure, is highly desirable ; but in default of this, 
the English decimal system, of which the standard 
grain is the unit of weiglit, and the bulk of a grain 
of water, at (32° V., the unit of measure, may be em- 
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ployed. In the chemical laboratory we dispense 
altogether with the use of ounces, drams, &c., and 
speak only of so many grammes and cubic centi- 
metres, or grains and grain-measures. Mr. Griffin 
takes the bulk of seven grains of water as his unit of 
measure, which he terms a septem, so that 1000 sep- 
tems are equal to one decigallon, or to the bulk of a 
pound of water. The use of this decimal division of 
the gallon is often very convenient, and quite com- 
patible with that of the grain measure, the septem 
and grain-measure standing to one another in the 
simple relation of 7 to 1, as shown in the following 
table. The figures with a dot over them are inexact. 





Decigallons. 


Septems. 


Grain-nieasaree. 


Gallon .... 
Deuigallon or pound . 




10,000 
1,000 


7o;ooo 

7,000 


Quart .... 

Pint 

Fluidounce 


2.50 
1.25 
.0025 


2,500 
1,250 
62.5 


17.500 
8,750 
437.5 


Cubic foot .... 


62.32i 


62,321 


436,247.4 


Cubic inch .... 




36.065 


252.458 


Litre ..... 


2.204 


2,204.6 


15,432.6 


Cubic centimetre 




2.2 


15.4 



One litre, or kilogramme of 
water-measure, equals 1.76 pints, 
or 61.027 cubic inches. One cubic 
centimetre, or gramme of water- 
measure, equals .061 cubic inch. 

One decigallon or pound of 
water-measure equals .4535 litre, 
or 453.5 cubic centimetres, or 
0.0160 cubic foot, or 27.727 cubic 
inches, or 16 fluidonnces. 

Some measures are made to con- 
tain or deliver a definite quantity 
of liquid. Others are graduated 
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Fig. 30. 



SO that any definite quantity delivered may be after- 
wards read off'. A flat-bottomed and somewhat nar- 
row-necked flask, having a horizontal scratch across 
its neck marking the height to which it should be 

filled forms a very convenient 
Fig. 29. measure of the former kind 
(Fig. 28). It is easy to select 
a couple of such flasks, which 
shall measure either a deci- 
gallon and half-decigallon re- 
spectively, or a litre and half- 
litre, &c. &c. A pipette of 
the form shown in Fig. 29 is 
also a very useful instrument 
of this class. It is filled by 
carefully sucking up liquid 
to a level somewhat above 
the mark on its stem, and 
quickly closing its upper ori- 
fice by the finger. Then by 
relaxing the pressure of the 
finger, the contained liquid is 
allowed to issue drop by drop 
until its height corresponds 
exactly with the scratch, 
when the finger is again 
pressed down; after which, 
on removing the finger, the 
measured quantity of liquid is allowed to 
flow out. A pipette of this kind is so con- 
structed that when filled up to the mark on 
its stem it delivers exactly the indicated 
quantity of liquid, irrespective of what ad- 
heres to the interior of its elongated bulb. 
The last drop should be gently blown out 
while the point of the pipette is in contact 
with the inside of the receiving vessel. It 
is well to have a couple of such pipettes 
delivering either 100 septems and 10 sep- 
tems, or 50 and 5 cubic centimetres respec- 
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tively. For measuring indefinite quantities a tall 
narrow cylinder (Fig. 30), graduated into divisions 
of 10 septems, or 5 c. c. each, is most convenient. 
The ordinary ounce measures of the apothecary are 
very unsatisfactory instruments. Their graduation is 
seldom accurate and always difficult to read off ex- 
actly, on account of the expanded conical form of the 
glass. Where smaller quantities have to be delivered 
and their volumes afterwards noticed, a Bink's burette 
of a graduated straight pipette may 
be employed. The burette (Fig. 31 F'g- 31. 



a) should be held near its upper end, 

thumb or forefina-er, and its beak - • r 



with its mouth guarded by the 



^. 



pointed not directly but obliquely [ 4 

downwards, so that the side of the , i 

beak may be inclined to the hori- j 

zontal plane at a somewhat acute j 

angle. The orifice of the beak j; 

should be well greased with tallow or i i 

spermaceti ointment, and any liquid 

remaining in it be sucked down, 

both at the beginning and end of the f ' 

experiment. Moreover, the burette ' 

must always be allowed to stand at 

rest for a minute or two before ob- . 

serving the height of the contained I 

liquid. The graduation should be 

from above to below, as in the i 

woodcut. 

The graduated pipette (Fig. 31 h) l 

is filled by suction, the contained ■ ■ ' 

liquid adjusted to a proper height, ' j. j 

the quantity required allowed to ' W 

flow out, and the level of the re- Irjf If 

mainder finally read off. Inasmuch 
as the conical extremity of this kind of pipette rarely 
delivers its contents exactly, it is better not to have 
it included in the graduation. Whether the gradua- 
tion of the pipette is from above to below, or frour 
6 
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below to above, does not mucb matter ; for some 
purposes the one, and for some purposes the other 
mode being most convenient. 

In reading off the height of a liquid its upper sur- 
face should be brought as nearly as possible to a 
level with the eye. This surface in most liquids 
contained in glass vessels, will be found more or 
less deeply concave according to the diametric small- 
ness of the column, &c.; but, in all cases the bottom 
of the curve is taken as the true level, and, in mea- 
suring definite quantities, must be made to coincide 
exactly with the mark. By right all measurements 
should be taken at mean temperature, namely, 15.5° 
C. (60° ¥.) but the expansions and contractions of 
aqueous liquids within the ordinary ranges of tempe- 
rature are so slight that, in most cases, they may be 
safely disregarded. 

A pair of the best description of dispensing scales 
suspended from a fixed support makes a very useful 
balance for ordinary work. A set of accurate grain 
Aveights ranging from 0.05, or 0.1 grain to 1000 grains 
should be provided, and also a supplementary short 
pan for taking specific gravities. The beam should 
turn freely by an addition of 0.1 grain, even when 
the pans are each loaded with a weight of twelve or 
fifteen hundred grains. It is well to employ habit- 
ually the left-hand pan for the substance, and the 
right-hand pan for the weights, which should be 
always handled by pincers, and not by the fingers. 
It is sometimes necessary to weigh out definite quan- 
tities of a substance such as 20, 50, or 100 grains; 
but it is better in most cases to take an indefinite 
quantity and then ascertain its weight, exactly as in 
weighing any particular specimen, the resultant of an 
experiment for instance. When taking the weight 
of an indefinite quantity, much time will be saved by 
trying the weights not at random but in a definite 
order, always taking in succession the weight next 
above or below in the series that particular weight 
which was last found too little or too much. 
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It is convenient to provide counterpoises of sheet 
lead for balancing exactly the several watch-glasses, 
capsules, crucibles, bottles, &c., used for retaining a 
substance while being weighed ; or their respective 
weights raay be ascertained and scratched upon them. 
When a definite quantity of substance has to be trans- 
ferred from the watch-glass or capsule on which it 
has been weighed into some other vessel, the fre- 
quently adhering residue may be washed off by a jet 
of water, or be gently brushed off by a camel's-hair 
pencil. But where an indefinite quantity has been 
taken, it is better to reweigh the watch-glass or cap- 
sule and to subtract the weight of adhering residue 
from the original weight of substance. Or, what 
comes to the same thing, some portion of a weighed 
quantity may be transferred, and its amount ascer- 
tained by noticing the loss sustained by the originally 
weighed quantity. 

Substances to be accurately weighed must always 
be first brought to an uniform condition of dryness, 
inasmuch as a greater or less degree of dryness may 
cause considerable variation in the weight of a body 
at different times. The substance may be dried in 
vacuo over oil of vitriol, or in a water-bath, and its 
weight determined from time to time until it becomes 
constant ; or, in some cases, the substance may be 
heated at once to dull redness and then weighed — 
not, however, until thoroughly cooled, as by resting 
the containing crucible on a piece of metal, for in- 
stance, otherwise an ascending current of heated air 
will be set up, which will diminish its apparent 
weight appreciably. Hygrometric substances must 
be weighed in covered crucibles, or between a pair 
of ground watch-glasses held together by a clip, or 
in stoppered bottles made expressly for the purpose, 
or in short wide test tubes. Tliey may be cooled 
under a glass jar standing over oil of vitriol. 

(23.) By specific gravity is understood the weight 
of a unit of volume, or, what comes to the same thing, 
the comparative weights of equal bulks of different 
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bodies. In this country water at the temperature of 
15.5°C. (60° F.) is taken as the standard to wliich the 
specific gravities of liquids and solids are usually 
referred, and its sp. gr. considered either as 1.0 or 
1000 according to circumstances. 

In order to determine the specific gravity of a 
liquid, a small flask or bottle of known weight is 
selected, which, when accurately filled to a certain 
point, contains a known weight of pure water at 
15.5°. This flask is filled with the liquid whose .sp. 
gr. is required, and weighed, when, after deducting 
the known weight of the flask, the residuary weight 
of contained liquid is compared with the known 
weight of the same bulk of water, according to the 
proportion : — 

Wt. of water W : wt. of liquid W: : sp. gr. of water: 
sp. gr. of liquid ; 

that is, according to the equation, 

, ,. ., TrxlOOO 
Sp. gr. of liquid = ^, — 

Thus, supposing the flask to be what is called a 
five-hundred grain flask, but to contain in reality 
499.7 grains of water, and say 459.8 grains of proof 

459800 
spirit, then the sp. gr. of the spirit will be -7^^-;^- = 

920. 

Specific gravity flasks or bottles are made of various 
shapes, one of the most convenient being that em- 
ployed by Eegnault and shown in Fig. 32 «, for 
which, however, any flat-bottomed narrow-necked 
flask may be substituted. It is to be filled up to the 
mark on its neck with the liquid, previously brought 
to the temperature of 15.5° by immersion in cooled 
or warmed water, and weighed. For taking the 
specific gravities of very volatile liquids this kind of 
flask is provided with a solid stopper. The mo.st 
usual form of sp. gr. flask is shown in Fig. 32 b ; 
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when used, it is nearly filled with the liquid to be 
examined, a tube thermometer introduced, and the 
whole placed in a vessel of cooled or warmed water 
until the contained liquid has acquired a temperature 

Fig. 32. 




of 15.5°. The thermometer is then removed, and the 
flask filled to the brim with more of the liquid pre- 
viously brought to mean temperature, the perforated 
stopper inserted, whereby the excess of liquid is 
thrust out, and the exterior of the flask thoroughly 
dried with a cloth, care being taken to avoid any 
communication of heat from the hand or elsewhere. 
As a rule sp. gr. flasks should be made perfectly dry 
before being filled, and by preference be rinsed out 
with some of the liquid under examination. 

The hydrometer (Fig. 33) is useful for taking the 
specific gravities of different liquids, where rapidity 
rather than accuracy of determination is required. If 
is merely an upright float, weighted below, and 
having a narrow graduated stem above, so as to sink 
to a greater or less extent in liquids of different den- 
sities. Inasmuch as the bulk of any liquid displaced 
by a floating body is equal in weight to the floating 
body, it is "obvious that equal weights of different 

6^ 
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Fig. 33. liquids will differ in volume according to 
the depth to wbich the hydrometer sinks 
in them ; or, in other words, the heights 
to which different liquids rise on the stem 
will be inversely as their specific gravi- 
ties. Some hydrometers, those used in 
the examination of urine, for instance, 
are so graduated that their degrees ex- 
press the specific gravities directly. But 
in commerce various artificial scales are 
preferred, that of Twaddell in particular 
being very generally used in this coun- 
try. The degree of gravity marked on 
Twtiddell's scale has to be multiplied by 
5, and the prod act added to 1000, to 
give the actual specific gravity. 

The most useful method of taking 
the specific gravity of a solid body 
heavier than water, consists in weigh- 
ing it first in air, or theoretically in a 
vacuum, and afterwards in pure water 
at 15.5, when the ratio of the difference 
in the weighings to the weight in air 
will give the sp. gr., according to the 
proportion : — 



Dif. in vvgs. TT''' — W : wt. in air W :: sp. gr. of 

water : sp. gr. of solid ; 

that is, according to the equation 

W X 1.000 
bp. gr. of solid = n/-_ jy, — . 

For by a well-known principle in hydrostatics, the 
apparent loss of weight which a body experiences 
when immersed in a liquid is identical with the 
weight of an equal bulk of that liquid.' 

' Relying on this principle, the specific gravities of different 
liquids may be ascertained by immersing some solid of known 
weight in each of them, and comparing the losses in weight which 
it experiences by the npward pressnres of the different liquids, 
equal in each instance to the weight of the bulk of liquid displaced 
by it. 
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Fig. 34. 




In order to weigh a solid body in water it must be 
attached by a horse-hair to the hook of the sp. gr. 
pan, as shown in Fig. 34, and 
have its surface thoroughly wet- 
ted with a soft brush, so that, 
when immersed in the water, there 
shall be no adhering air bubbles. 
When the solid is soluble in water 
it must be immersed in alcohol, 
petroleum, or some other liquid 
of which the specific gravity has 
been previously ascertained, and 
the calculation made as before, 
substituting the sp. gr. of the 
liquid employed for the sp. gr. of 
water. When the solid is lighter 
than water it must, after its weight 
in air has been taken, be attached 
to some heavy body sufficient to 
sink it, a piece of lead, for instance, and the weight of 
the solid and piece of lead in water and of the piece 
of lead alone in water ascertained. The weight of 
the volume of water displaced by the light solid will 
equal the weight of the light solid in air W, plus the 
buoyancy it imparts to the immersed lead, as mea- 
sured by the difference between the weight of the 
lead in water lo, and the conjoint weight of the lead 
and light body in water w'. Hence we have the pro- 
portion : — 

Wt. of water W + w — w' : wt. of solid W : : sp. gr. 

of water : sp. gr. of solid ; 
or the equation : 

W X 1.000 
Sp. gr. of light solid — ^Y+io—w'- 

When the substance to be examined is in the pul- 
verulent state, its specific gravity may be'ascertained 
by means of a sp. gr. flask. A quantity of the pow- 
der is introduced into the flask and weighed. It is 
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then thoroughly wetted with water or some other 
liquid, of which'a further quantity is afterwards added, 
so as to fill up the flask to the mark on its neck ; 
when the weighing is repeated. The difference 
between the weight of liquid which the flask ordi- 
narily holds, and the weight of liquid added to fill up 
the flask after the introduction of the dry powder, 
gives the weight of the bulk of liquid displaced by 
the powder, the ratio of which to the weight of the 
powder gives the specific gravity. 



i 
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CHAPTER II. 
ANALYTICAL CHEMISTRY. 

(24.) The object of this part of the course is to 
make the student practically acquainted with the 
chemical properties of such bodies as are of the most 
importance, and of the most common occurrence. 

Of all chemical compounds, those known as salts 
will most frequently present themselves to his notice. 

Sulphate of iron and chloride of sodium may be 
taken as the types of simple salts. The sulphuric 
acid and chlorine are termed the electro-negative or 
acid constituents, or, more shortly, the acids; the iron 
and sodium the electro-positive or basic constituents, 
or, more shortly, the bases. 

In testing the substances distributed for examina- 
tion, each of which should contain but one basic and 
one acid constituent, the student may first of all con- 
fine himself to the bases; subsequently he must 
examine both for bases and acids. He will have to 
pursue the following course of operations : — 

I. To examine the dry substance before the blow- 
pipe. (Pars. 25, and 26.) 

II. To make a solution of the substance in water or 
acid. (Pars. 27 and 28.) 

III. To ascertain to which group the base of his 
substance belongs. (Pars. 30, 35, and 41.) 

IV. To identify the particular member of the group 
with which he is dealing. (Tables I., II., and III.) 

V. To realize the special reactions described under 
the head of his particular base. 

VI. To identify the acid constituent of his sub- 
stance. (Tables IV. and V.) 
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VTT. To realize the special reactions described 
under the head of his particular acid. 

As regards V. and VII., the student must remem- 
ber that the simple discovery of the base and acid of 
his salt is of much less importance than the thorough 
verification of all their described properties. 

? I.— BLOWPIPE EXAMINATION. 

(25.) A small shallow hole having been made on a 
piece of charcoal, the student should put into it a 
little of the substance under examination, a piece 
about the size of a mustard-seed, for instance, or as 
much powder as will rest on the point of a penknife. 
He must then heat the substance on its charcoal sup- 
port before the blowpipe, and notice what effects, if 
any, are produced. It is often advisable to moisten 
a pulverulent substance with water before submitting 
it to the blowpipe flame, so as to make it cohere and 
remain on the charcoal. The substance may also be 
heated with advantage in a subliming tube open at 
both ends ; whereby corroborative, and sometimes 
even primary, evidence of its composition is obtaina- 
ble, especially when it happens to be wholly or partly 
volatile. In this way ammoniacal and sulphurous 
acid gases may be recognized by their respective 
smells; deposits of acid or alkaline water, by their 
reaction to test-paper ; and sublimates of sulphur, 
arsenic, mercury, and ammonium-salts, by their ap- 
pearance and behavior. 

The following are the most important general 
effects observable upon heating a substance on char- 
coal before the blowpipe. 

All hydrated salts give off their water of crystal- 
lization, some with, intumescence, as borax ; others 
with decrepitation, as gypsum. Many anhydrous 
salts also, as chloride of sodium, for instance, decrepi- 
tate from the expulsion of water retained mechani- 
cally within their crystals. Most hydrated salts, 
when first heated, fuse in their water of crystalliza- 
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tion, and then solidify, Avhether or not susceptible of 
again fusing at a higher temperature {vide par. 26). 

Most compounds of the heavy metals become darker 
when heated, either permanently through decompo- 
sition, or temporarily through some altered relation 
to light. Zinc compounds acquire a deep greenish- 
yellow by the action of heat, and peroxide of tin a 
pale brownish-yellow. 

Certain metallic compounds, more especially those 
of silver, lead, and bismuth, are quickly brought to 
the metallic state when heated on charcoal in the 
reducing blowpipe flame {vide par. 26). 

Some substances, whether or not inflammable, leave 
a black carbonaceous residue, capable of being burnt 
away by prolonged ignition. This charring indicates 
the presence of organic matter — an organic acid or 
base, for instance, either fi'ee or in combination. 

Many bodies evolve a more or less marked smell 
when heated. Thus sulphur and many sulphides 
give off sulphurous anhydride. Tartaric and benzoic 
acids, and their respective salts, evolve characteristic 
empyreumatic odors. The fixed organic bases, and 
some salts of ammonia and organic bases, give off 
ammoniacal vapor ; while arsenic compounds, when 
in contact with ignited charcoal, give rise to a pecu- 
liar garlic-like smell. 

Sometimes the heated substance volatilizes wholly 
or in great measure, usually with evolution of visible 
fumes {vide par. 26). 

In a few cases the red-hot charcoal undergoes a 
rapid combustion where it comes in contact with the 
heated compound. This deflagration indicates the 
probable presence of a nitrate or chlorate. 

(26.) As regards their more special behavior before 
the blowpipe, metallic compounds may be classified 
into those which are volatile (a), those which leave a 
white permanently fusible residue ()3), those which 
leave a white infusible residue (y), those which are 
reducible to the metallic state («), and those which 
give a coloration to the borax bead (f), as shown in 
the following scheme: — 
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BLOWPIPE EXAMINATION. 



a. Volatile. 



<e. White and 
fusible. 



Ammonium "| Sodium "] 

I I 
Mercury \ Potassium 

Salts J Salts 



Arsenic 
Oxides 



Calcium 
Strontium 



Sulphides BAniu.M 



Antimony 



Chlorides 



, Color blow- 
Teroxide i fifejlame) 



Oxalic acid 



y. White and 
infusible. 



S. Reducible. 



Zinc \ 

Aluminum 

Magnesium 

Calcium 
Strontium 

B.iRIUM 

Salts 

Silicic 
Stannic 
Antimonic 
Oxides 



Silver 
Tin 

Lead "1 

Bismuth 

Antlmony 

Cadmium 

Give in- 
crustations] 

%rscy 

MERCURYa 

Arsenic* 
Copper! 



E. Color borax 
bead. 



Chromium "| 
Green 

Manganese 
Amethyst 

Iron 
YelVw-broii'n 

Cobalt 
Dei'p-blue 

Nickel 
Reddish 

Copper 
Pale-bltte 

Li oxidizing 
Jlame 



X. The ordinary compounds of ammonium and 
mercury are readily volatile. Phosphate of am- 
monium, however, leaves a fused residue of pho.s- 
phoric acid, which requires a strong heat for its dis- 
sipation. The oxides and sulphides of arsenic also 
are readily volatile ; the teroxide of antimony some- 
what less so. Oxalic acid melts and efl'ervesces 
during its disappearance without furnishing much in- 
crustation. The compounds of mercury, arsenic, and 
antimony, and many ammonium-salts, deposit incrust- 
ations or sublimates upon the cold part of the char- 
coal. Similar sublimates are procurable by heating 
the substance in a sealed or open subliming tube. 

The various bodies which volatilize when heated 
on charcoal may often be satisfactorily identified by 
a few rough tests, such as the following : — 

Ammonium salts, when warmed with potash, 
evolve ammonia, recognizable by its odor and alka- 
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red sulphide, are turned black by sulphide of am- 
monium. Mixed with a large excess of carbonate of 
sodium, and heated in a reduction tube, they afford a 
sublimate of mercurial globules. The oxides (white) 
and sulphides (orange or yellow) of arsenic dissolve 
in sulphide of ammonium to form a yellowish liquid, 
which on evaporation to dryness leaves a bright 
yellow residue. Mixed with soda-flux, and heated in 
a reduction tube, they furnish sublimed crusts of 
metallic arsenic. Teroxide of antimony dissolves 
in sulphide of ammonium, and the liquid, when 
evaporated down, leaves a deep orange residue. It 
is, moreover, easily reducible before the blowpipe (b). 
Oxalic acid, when moistened with water, manifests a 
strongly acid reaction, and effervesces with peroxide 
of manganese. 

p. The ordinary salts of sodium and potassium 
fuse at a red heat, many of them into almost Avatery 
liquids, which are absorbed by the porous charcoal. 
During their ignition, the salts of sodium impart a 
bright yellow, and those of potassium a violet color- 
ation to the blowpipe flame. These colors are best 
seen by taking up a minute quantity of the salt upon 
the end of a platinum wire, and heating it at the 
point of the blowpipe flame. When a potassium 
salt is contaminated with even a small proportion 
of any sodium salt, the violet color of its flame is 
liable to be concealed by the strong yellow color 
which the sodium salt produces. But the proper 
potassium color may be readily seen by looking at 
the flame through a piece of smalt glass, which cuts 
off the yellow sodium rays. 

Unlike most salts of the alkaline earth-metals, the 
chlorides of calcium, strontium, and barium are 
fusible in the blowpipe flame. ' That of calcium fuses 
very readily, but the other two chlorides are much 
less readily fusible than are the majority of sodium 
and potassium salts. When strongly ignited on fine 
platinum wire, chloride of barium imparts to the 
blowpipe flame a marked apple green, chloride of 
7 
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line reaction. Mercury salts, save the black and 
strontium a deep crimson, and chloride of calcium an 
orange-red color. The platinum wire used for testing 
by the blowpipe flame should be moderately thin, to 
allow of its being strongly heated. It may be held 
directly in the fingers, platinum being a bad con- 
ductor of heat. Should the end to be used impart 
any color to the flame, from contamination either with 
soda, derived from the perspiration of the fingers, or 
with the residues of former experiments, it must he 
alternately dipped in hydrochloric acid, and strongly 
heated in the blowpipe flame until all coloration 
ceases to appear. 

The chlorides of the alkaline earth-metals, and 
most salts of the alkali metals, fuse into colorless 
transparent liquids, whereby they are distinguished 
from the fusible compounds of the heavy metals, 
which yield colored or opaque beads. Moreover, the 
temporary melting of hydrated salts in their water 
of crystallization must not be confounded with the 
permanent fusion at a red heat which characterizes 
the above-mentioned classes of salts. 

y. Compounds of zinc, aluminum, and magne- 
sium, with nearly all calcium, strontium, and 
barium salts, whether or not undergoing a prelimi- 
nary aqueous fusion, leave after strong ignition a 
white infusible residue; while the stannic, silicic, 
and antimonic oxides are from the first infusible. 
During strong ignition the aluminum residue mani- 
fests an intense white incandescence, the zinc residue 
a deep greenish-yellow, and the stannic and antimonic 
oxides a pale brownish-yellow color. In any case 
the white or yellowish-white infusible residue may 
be moistened with solution of nitrate of cobalt, and 
again strongly heated, whereby characteristic colora- 
tions are produced with compounds of zinc, aluminum, 
and magnesium, and less definite colorations with the 
remainder. The zinc residue acquires a fine green, 
the aluminum residue a bright blue, and the mag- 
nesium residue a very faint pink color. When the 
residue is pulverulent, it may be moistened with sul- 
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plmric acid and re-ignited before being heated with 
nitrate of cobalt, more especially in order to bring 
out the magnesian color. It must be borne in mind 
that nitrate of cobalt also imparts a blue color to 
many fused phosphates, borates, and silicates, which, 
however, cannot be confounded with the blue given 
to an infusible aluminum residue. 

The other infusible residues receive a less distinct 
color by ignition with nitrate of cobalt, those of cal- 
cium and strontium becoming gray, that of barium 
reddish-gray, those of the stannic and silicic anhy- 
drides bluish-gray, and that of antimony greenish- 
gray; but these substances may be further distin- 
guished by other means — calcium, strontium, and 
barium by their tinting the blowpipe flame — anti- 
mony and tin by their reducibility, the fornier with, 
and the latter without, any incrustation (&) — and silica 
by its behavior with fused carbonate of sodium. lu 
order to test an infusible compound for calcium, 
strontium, or barium, a small quantity, taken up 
on the end of a fine platinum wire, should be mois- 
tened with hydrochloric acid, and ignited for some 
time in the hottest part of the blowpipe flame, when 
the characteristic color due to the volatilization of 
each metal will be clearly brought out, save indeed 
with their respective sulphates. Silica may be iden- 
tified by making a small loop at the end of the pla- 
tinum wire, and fusing upon it a minute quantity of 
carbonate of sodium, which will thus form a white 
bead, transparent when hot, opaque when cold : in 
this fused bead, silica, when strongly heated, will 
dissolve with effervescence, and, if in sufficient quan- 
tity, render it permanently transparent. 

s. Compounds of silver, tin, lead, bismuth, 
antimony, and cadmium, often assume the metallic 
state, or produce characteristic incrustations, when 
merely heated on charcoal in the reducing blowpipe 
flame; but their behavior when heated with a flux 
of carbonate of sodium, mixed or not with cyanide of 
potassium, is more satisfactory. Carbonate of sodium 
alone will answer the purpose, but the addition thereto 
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of one-fourth of its weight of cyanide of potassium 
often assists the reduction very greatly, and is not in 
any case disadvantageous, save when the specimen 
itself deflagrates upon charcoal from the presence of 
a nitrate or chlorate, in which case a slight explosion 
results from the reaction of the cyanide and oxisalt. 

The specimen having been intimately mixed with 
five or six times its bulk of flux, a small portion of 
the resulting powder, sometimes moistened with water 
so as to make it cohere, is heated strongly on charcoal. 
The mixed mass should fuse readily before the blow- 
pipe, so that any minute globules of reduced metal may 
run together. If not readily fusible, a fresh mixture 
must be taken with a larger proportion of flux. 
When the reduced metal volatilizes at the tempera- 
ture employed, its vapor becomes oxidized outside the 
flame, and is deposited upon the charcoal as a more 
or less abundant, white or colored, incrustation. 
Silver gives no incrustation, and tin scarcely any : 
lead gives a yellow, and bismuth a brownish-yellow, 
incrustation; while antimony gives an abundant easily 
volatile bluish-white, and cadmium a comparatively 
fixed brown-red incrustation. Metallic antimony 
vaporizes rapidly ; while cadmium is so volatile that 
its reduction and vaporization are simultaneous, 
wherefore no globule, but only an incrustation, is 
producible with it. Zinc compounds, heated with re- 
ducing flux, behave in this respect like cadmium, 
furnishing no globule of metal, but only an incrusta- 
tion, which is yellow when hot, white when cold; but 
zinc will have been previously detected by its reaction 
with nitrate of cobalt (7). Eeduced arsenic and mer- 
cury are so volatile that they can only be obtained in 
the form of sublimates by performing the reduction 
in tubes as already described (a). 

The different metals usually identified by their re- 
duction on charcoal, exhibit the following character : 
Silver yields a bead of white, moderately hard and 
malleable metal, with no incrustation. Tin, which 
is less easily reducible, yields ahead of white malleable 
metal, softer than silver, with very slight, if any, in- 
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crustation. Lead yields a bead of soft bluish-white 
metal, with yellow incrustation ; bismuth, a bead of 
brittle yellowish-white metal, with brownish-yellow 
incrustation ; antimony, a bead of brittle bluish- 
white metal, with an abundant bluish-white incrusta- 
tion ; and cadmium, no metallic bead, but only a 
reddish-brown incrustation. 

In addition, copper, iron, nickel, and cobalt are 
reducible, though they do not afford incrustations, 
and are not easily obtainable in the form of beads. 
But on crushing the fused mass in a mortar, and 
washing away the lighter portions, copper may often 
be recognized in the form of red spangles, and iron, 
nickel, and cobalt as heavy powders affected by the 
magnet. 

.. Compounds of those metals which tinge the 
borax bead usually leave dark-colored infusible resi- 
dues when heated alone on charcoal. In testing the 
borax bead, a piece of platinum wire is bent into a 
single or double loop, as shown of the 
actual size in Fig. 35, the loop dipped Fig. 35. 

into powdered borax, and the adher- 
ing borax heated to redness, when it 
first undergoes a highly characteristic 
intumescence, and afterwards, when 
more strongly heated, sinks into a 
colorless transparent bead. To this 
bead is then attached a minute quan- 
tity of the substance under examina- 
tion, and the whole strongly heated 
in the blowpipe flame, when in some 
cases the fused bead dissolves the 
specimen, and thereby acquires a 
more or less definite color, the depth 
of which may be increased by adding 
more of the specimen and again heat- 
ing strongly. 

The metals iron and copper, which 
form two classes of salts, also form beads of two 
colors. Thus in the oxidizing flame we have a blue 

7* 
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cupric and a yellow-brown ferric bead, while in the 
reducing flame we have a cuprous bead of an almost 
colorless or opaque reddish aspect, and a ferrous bead 
of a sea-green color. The chromium bead has au 
emerald green, and the cobalt bead a sapphire blue 
color. Manganese, when free from iron, imparts an 
amethystine tint, and nickel a deep sherry hue, 
which becomes amethystine when the bead is heated 
with a fragment of nitre. The borax may be re- 
placed by microcosmic salt, or even by ordinary 
glass. In these several reagents we have, after igni- 
tion, an excess of melted boric, phosphoric, or silicic 
anhydride, which at the temperature of the blowpipe 
flame combines with the various metallic oxides to 
form colored fusible salts. 

I II.— SOLUTION AND PRECIPITATION. 

(27.) Having made his examination in the dry way, 
by means of the blowpipe, the student must next 
bring his substance, by some means or other, into a 
state of solution, so that he may submit it to the ac- 
tion of liquid reagents. As a general rule, the sub- 
stance to be dissolved should be in a finely divided 
state. This is particularly necessary in the case of 
bodies which are with difficulty soluble, such as many 
native oxides, sulphides, &c. Any substance having 
a decided color, a hard structure, and an opaque as- 
pect, whether earthy or lustrous, ought always to be 
pulverized very finely before being treated with sol- 
vents. The solution of the body under examination 
should be effected by preference in water ; but, if in- 
soluble in water, it may be acted upon with hydro- 
chloric acid, or with nitro-muriatic acid, or with ni- 
tric acid. 

A small portion of the powdered substance is to be 
placed in a test-tube, a moderate quantity of water' 
added, the whole agitated, and heated over a spirit 

' By water is always meant pure or distilled water ; but clean 
raiu water may sometimes be employed as a substitute. 
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or gas-flame. While heating, the tube should receive 
an occasional jerk, to facilitate mixture and avoid the 
sudden escape of vapor. If the substance, by this treat- 
ment, is obviously dissolved, the clear solution, filtered 
if necessary from any insoluble portions, can be submit- 
ted at once to the action of reagents. If the substance, 
however, is not obviously dissolved, a few drops of the 
liquid may be filtered on to a glass slip and gently eva- 
porated to dryness. Should any definite amount of 
residue remain upon the glass, the whole mixture must 
be thrown upon a filter, and the tests applied to the 
clear filtrate. There are many substances which, un- 
less taken in very small quantity, do not disappear 
perceptibly when boiled in water, but yet are suffi- 
ciently soluble to afford an aqueous solution that can 
be successfully tested. Should a mere trace of resi- 
due, or none at all, be left upon the glass slip, as much 
of the water as possible is to be poured away from 
the insoluble substance, and replaced little by little 
with hydrochloric acid, warming between each ad- 
dition. Should any obvious action occur, more hy- 
drochloric acid may be added, if necessary, and the 
whole heated for some time until an available solu- 
tion is formed. Should there be no obvious action, 
nitric acid must be added in the proportion of about 
one-fourth of the hydrochloric acid previously used, 
and heat again applied. By one or other of these 
means a solution will generally be effected. There 
are, indeed, a few substances which dissolve in nitric, 
but neither in hydrochloric nor in nitro-hydrochloric 
acid. There are also some substances which are quite 
insoluble in any ordinary menstruum; the considera- 
tion of these, however, is deferred for the present. The 
solution of the substance, whether in water or acid, 
to which no reagent has been added, is called in the 
tables and elsewhere the original solution. The freshly- 
made acid solution should generally be diluted some- 
what freely with water, and filtered if necessary. The 
acidity, neutrality, or alkalinity of the aqueous solu- 
tion should be ascertained by means of test-paper. 
(28.) Different reagents are next to be added to the 
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original solution in the order and manner described 
in paragraphs 30, 35, and 41, and in the Tables I., II., 
III., and V. These reagents produce in the solution 
certain effects, which are characteristic of the various 
substances dissolved. The effect most usually pro- 
duced by a liquid reagent is to cause a j^reciintale or 
solid deposit of some insoluble compound of the sub- 
stance sought for. Hence the formation or non-for- 
mation of a particular precipitate usually proves the 
presence or absence of a particular base or acid in the 
solution under examination. Precipitates differ much 
in their color, consistency, rapidity of formation, and 
solubility in different liquids, whence the student 
must make himself familiar with their various aspects 
and habitudes. As regards aspect, he must notice 
whether a precipitate is dense, crystalline, clotty, ge- 
latinous, opaque, transparent, colored or colorless, &c. 
As regards habitude, he will find that crystalline pre- 
cipitates, unless thrown down from concentrated so- 
lutions, do not usually appear at once, but only after 
some little time. Their immediate formation, how- 
ever, may be often determined by rubbing the liquid 
against the inside of the containing vessel with a 
glass rod. Again, many precipitates are characterized 
by their solubility in an excess of the precipitant, or 
in some other reagent. 

Eeagents and solvents should always be added 
gradually, except when special direction is given to 
the contrary. This rule is of great importance, and 
applies equally to the formation and solution of pre- 
cipitates; in the latter case, the mixture should be 
agitated between each addition of the solvent. Many 
characteristic effects are occasionally overlooked 
through a neglect of this rule. The student must 
also bear in mind, when directed to employ an excess 
of any particular reagent or solvent, that every 
minute quantity more than sufficient to produce the 
desired effect is an excess. 

In the tables the word dissolved placed at the head 
of a column signifies either that the substances 
written under it have not been precipitated at all, or 
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that, having been precipitated, they are now redis- 
solved by an excess of the reagent, in any case that 
they remain in solution. 

EXAMINATION FOE BASIC GROUPS. 

(29.) The bases are divided into three principal 
groups, as follows: — 



I. 


II. 


III. 


Tin 


Nickel 


Barium 


Arsenic 


Cobalt 


Strontium 


Antimonv 


Manganese 


Calcidm 


BiSMCTH 


Iron 


Magnesium 


Mercdrt 


Chromicm 


Potassium 


Lead 


Aldmixhm 


Sodium 


Silver 


Zinc 


Ammonium 


Copper 






Cadmium 







The first object of the student must be to ascertain 
the group to which the base of the salt under his 
examination belongs. 

The members of the first group are precipitated 
from their acid solutions by sulphydric acid. The 
members of the second group are not precipitated 
from their acid solutions by sulphydric acid, but are 
precipitated from their neutral solutions by sulphide 
of ammonium. The members of the third group are 
precipitated neither by sulphydric acid nor by sul- 
phide of ammonium. 

Having ascertained to which particular group the 
base of his salt belongs, he will proceed according to 
the directions of the table pertaining to that group, in 
order to identify the individual member thereof with 
which he is dealing. Should, therefore, sulphydric 
acid produce a precipitate, in an acidified solution, 
the student will proceed according to Table I. Should 
it produce no obvious precipitate, he will render the 
solution nearly neutral by ammonia, and then add 
sulphide of ammonium. Should this reagent produce 
a precipitate, he will proceed according to Table II. 
Should no precipitate be produced by either of the 
above reagents, he will proceed according to Table III. 
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? III.— EXAMINATION FOR BASES OF GROUP I. 

(30.) To recognize tlie presence of some member 
of this group by means of sulj>hureUed hydrogen or 
sulphydric acid, the solution to be tested should be 
moderately acid. In solutions which are too acid, 
sulphuretted hydrogen may not give any precipitate, 
despite the presence of a member of the group ; and 
in solutions which are neutral or alkaline, it may give 
a precipitate even in the absence of every member of 
the group ; inasmuch as sulphuretted hydrogen pre- 
cipitates some members of the second group from their 
neutral or alkaline solutions. 

Aqueous Solutions. These must consequently 
be acidulated before being treated with sulphuretted 
hydrogen. A few drops of either nitric or hydro- 
chloric acid will answer the purpose, but the use of 
the latter acid is generally preferable. The addition 
of hydrochloric acid, however, sometimes produces a 
permanent white precipitate, in which case the pre- 
sence of silver, or lead, or mercury is indicated. 
Solutions of silver invariably yield a precipitate with 
hydrochloric acid, solutions of lead and mercury only 
under certain conditions. But in the event of hydro- 
chloric acid producing a precipitate, it will suffice for 
the student to distinguish between the above three 
metals, without following out the directions of the 
general table for the group (page 85). 

The Silver precipitate is soluble in excess of am- 
monia. 

The Mercury precipitate is turned black by excess 
of ammonia. 

The Lead precipitate is unaffected by ammonia, but 
is soluble in boiling water ; and, on cooling, is de- 
posited therefrom in crystalline needles. 

These three precipitates are blackened by sul- 
phuretted hydrogen, and are not produced by nitric 
acid, properties distinguishing them from all other 
precipitates which hydrochloric acid occasionally pro- 
duces. 
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The acidification of a solution of tartar- emetic, 
with either hydrochloric or nitric acid, is attended 
with the production of a white turbidity, which, how- 
ever, disappears on gently warming the liquid with a 
little more acid. Moreover, the acidification, by either 
hydrochloric or nitric acid, of various alkaline solu- 
tions, not unfrequently gives rise to whitish precipi- 
tates, which sometimes disappear in an excess of acid, 
and, at other times, remain. Among those which are 
permanent, the principal are sulphur, from the de- 
composition of an alkaline persulphide, &c. ; silica, 
from the decompositon of an alkaline silicate ; and 
boric acid, from the decomposition of an alkaline 
borate ; but this last precipitate is readily soluble in 
boiling water. 

SOLUTION'S IN Acid. When the solution of the 
original substance has been made in an acid, it is im- 
portant to get rid of any great excess of acid ; or, at 
any rate, to reduce its activity. 

a. By mere dilution with water. It is gene- 
rally advisable to dilute somewhat considerably solu- 
tions which have been made by means of an acid. 

/3- By evaporation. The solution may be evapo- 
rated down to a small bulk, and then be diluted with 
water. This process is especially necessary when the 
solution has been made with nitro-muriatic acid. 

7 By neutralization with ammonia. When 
a large quantity of acid has been employed to eftect 
the solution of a substance, it is occasionally useful 
to neutralize some of the excess of acid with am- 
monia. 

The acid solution of the substance, whether or not 
evaporated down, or partly neutralized, should, after 
dilution with water, be perfectly bright. If not 
bright, it must be rendered so by filtration. 

The addition of water to an acid solution sometimes 
produces an obvious white precipitate, in which case 
the dilution should be very slight or be dispensed 
with altogether. The formation of a white precipi- 
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tate on the addition of water indicates the presence 
of Antimony or Bismuth. The precipitate produced 
in solutions of the former metal is dissolved by tar- 
taric acid and turned of an orange color by sulphu- 
retted hydrogen ; while that produced in solutions of 
the latter metal is not dissolved by tartaric acid, and is 
turned black by sulphuretted hydrogen. Water does 
not invariably cause a precipitate in solutions con- 
taining antimony or bismuth, but in the event of a 
precipitate being produced, it will suffice to distin- 
guish between the above two metals without proceed- 
ing according to the general table for the group 
(page 85). 

The acidified solution of the substance in water, or 
the diluted solution of the substance in acid, is to be 
treated with sulphuretted hydrogen. It may be suf- 
ficient to add sulphuretted hydrogen water to the 
solution, but it is always preferable to use a current 
of the gas itself. The production of a colored preci- 
pitate is indicative of the presence of some member 
of the first group ; in which case, the gas should be 
passed into the liquid until it smells permanently 
even after agitation. A little watej should next be 
added, and the whole well shaken or stirred, to pro- 
mote the subsequent subsidence of the precipitate, 
which, on setting the tube aside for a few minutes, 
will soon collect at the bottom. The supernatant 
liquid may then be poured off, and the precipitate 
treated according to the directions of Table I. P. 

Sulphuretted hydrogen, when added to certain solu- 
tions, not containing any member of the first group, 
sometimes produces a more or less considerable 
yellowish-white turbidity, due to a liberation of 
finely divided sulphur, effected by some per-oxidated 
or per-chlorinetted compound, thus : — 

H,S + 01, = 2HC1 + S. 

In yelloAv solutions, this white turbidity often ap- 
pears decidedly yellow, from the color of the liquid 
through which it is seen. When, simultaneously 
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with the liberation of sulphur, a brownish-yellow 
solution becomes paler or colorless, the presence of a 
per-salt of iron may be generally inferred; but when 
it becomes of a marked green color the presence of 
chromic acid is indicated. 

Table I. 
(31.) Examination .of a solution containing some 
one member of the first group; namely. Tin, Akse- 
Nic, Antimony, Bismuth, Silver, Mercury, Lead, 
Copper, or Cadmium; all of which metals are pre- 
cipitated from their acid solutions by Suljjhureited 
hydrogen gas (a), or its solution in water. 

S. Having treated the not too acid solution of tlie substance with 
excess of sulphuretted hydrogen, and poured off or filtered oft' the 
supernatant liquid, warm the precipitate with some solution of 
Sulphide of ammonium. 



If the precipitated sulphide be 
of 

Tin {protosalt), brown, 
Tin {permit), yellow, 
Arsenic, yellow, 
AsTiMONY, orange, 

it will dissolve entirely, and on 
addition of hydrochloric acid to 
the resulting solution will be re- 
precipitated. 

Tin, always yellow 

Arsenic, yellow 

ANTiiiony, orange 



■y. Boil the precipitate thrown 
down by sulphuretted hydrogen 
with strong Uydrochioric acid. 



If the precipitated sulphide be 
of 

BlSMHTH 

Silver 
Mekcdry 
Lead 
Copper 

Cadsiium, yellow, 
it will remain undissolved. 



black or dark 
brown, 



Undissolved 
Arsenic 



Dissolved 

Tin 

Aktimojiy. 



i. Add Potash to a portion of 
the original solution ; in any case 
a precipitate will be produced 
characterized as follows : — 
Lead, white, soluble in excess of 
the reagent, unaffected by am- 
monia. 
' Mercury (protosolt), black, un- 
affected by ammonia. 
Mercury {persalt), yellow, 

turned white by ammonia. 
Bismuth, while, unaffected by 
1 ammonia. 

Copper, blue ^ c i 1 1 - 
„ ' , •, f S^oluble in 

Cadmium, white ". 
., 1, 4 ammoma. 

Silver, brown J 

[ Insoluble in excess of potash. 
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(32.) a. Sulphydric acid, or sulphuretted hydrogen, 
reacts with the salts belonging to this group to form 
metallic sulphides, as shown by the following typical 
equations, in which M stands for an atona of metal: — 

2MC1 4- HjS = 2HC1 + MjS 
mb\^ + SH^S = 6HCI + M2S3. 

In this manner the salts of perissad metals, as sil- 
ver Ag', arsenic As'", antimony Sb'", and bismuth 
Bi'", are decomposed by sulphuretted hydrogen. 

MCI, + HjS = 2HC1 + MS 
MClj + 2HjS = 4HCI + MSj. 

In this manner the salts of artiad metals, as lead Pb", 
mercury Hg", copper Cu", cadmium Cd", tin (stan- 
nosum) Sn", and tin (stannicum) Sn"" are decom- 
posed by sulphuretted hydrogen. 

The sulphides thus produced differ much from one 
another as regards their solubility in mineral acids. 
They are all completely dissolved by nitro-muriatic 
acid; except that of silver, which is converted into 
insoluble chloride of silver; and that of lead, which 
is converted partly into the sparingly soluble chloride, 
parti}' into the insoluble sulphate of lead, owing to an 
oxidation of its constituent sulphur. 

Hot nitric acid dissolves the sulphides of arsenic, 
bismuth, silver, copper, and cadmium, but has no 
appreciable action on the sulphides of mercury. It 
converts the sulphides of tin and antimony into their 
insoluble oxides or anhydrides, SnO^ and Sb^O^ re- 
spectively. When slightly diluted, it dissolves sul- 
phide of lead completely, but otherwise it converts a 
portion of it into insoluble sulphate of lead. The 
action of nitric acid upon the sulphides is generally 
attended with a separation of sulphur, which, on boil- 
ing, gradually assumes the form of melted globules. 

Strong hydrochloric acid at a boiling tempera- 
ture has no action on the sulphides of arsenic and 
mercury. It converts the sulphides of silver and lead 
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into their insoluble or sparingly soluble chlorides, 
and dissolves the remaining sulphides of the group 
with greater or less facilit_y. 

(33.) )3. The disulpliide of tin, and the trisulphides 
of arsenic and antimony, unite with the sulphides of 
alkali-metal to form soluble sulpbur-salts correspond- 
ing to the well-known oxygen salts, thus : — 

Ammonium sulpho-salts. 
(NH,),S.SuS, = (Nn,),SnS3 

3(NH^)2S.Sb2S3 = 2(NHj)3SbS3. 

Hence these sulphides are distinguished from the 
remainder by their solubility in sulphide of ammo- 
ninm* Protosulpliide of tin is not soluble in pure 
colorless sulphide or sulphydrate of ammonium: but 
it is soluble in the ordinary yellow solution of the 
persulphide, whereby it becomes converted into the 
above-describedcompoundofdisulphideof tin,thus: — 

(NH,)i,S2 + siiS = (NH,)2S.s'nS2 or (NH,)3SiiS3. 

On the addition of hydrochloric acid to any of these 
sulpbo-salts, they are decomposed with reprecipita- 
tiou of their respective sulphides, thus : — 



(NHJ^S.SnS, 


+ 


2HCI 


= 


H,S 


+ 


SnSj 


+ 


2NH,CI 


3(NH,)2S.As,S3 


+ 


6HCI 


^ 


3HjS 


+ 


As,S3 


+ 


6NH^C1, 



■ It is advisable not to dissolve the sulpbides of this 
sub-section in an unnecessarily large quantity of yel- 
low sulphide of ammonium, lest the subsequent addi- 
tion of hydrochloric acid should separate so great a 
quantity of whitish sulphur as to conceal the color 
of the reprecipitated sulphides. 

y. Sulphide of arsenic is distinguishable from the 
sulphides of tin and antimony by its insolubility even 
in boiling hydrochloric adid; and by its solubility in 
a warm solution of sesquicarbonate of ammonia. 

* Sulphide of copper is quite in.soiuble in the sulphides of sodium 
and potassium; but is slightly soluble in sulphide of ammonium, 
especially when it contains, as it usually does, some free ammonia. 
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Sulphide of antimony and persulpliide of tin are 
distinguishable from one another by their difference 
in color. When pure they dissolve completely in 
hydrochloric acid ; but as usually obtained they often 
contain excess of sulphur, which remains undissolved. 
Upon evaporating down their hydrochloric acid solu- 
tions to a small bulk, stannic and antimonious chlo- 
rides are obtained respectively. The former chloride 
does not have its transparency affected by dilution, 
neither does the diluted liquid yield any deposit upon 
a surface of metallic tin : and again, an acid solution 
of chloride of tin, in which a small fragment of zinc 
has been dissolved, gives with corrosive sublimate a 
white precipitate of calomel, gradually becoming 
gray from its conversion into metallic mercury (vide 
par. 34). 

The latter chloride is generally rendered opaque 
by diluting its solution, which again becomes clear 
on the addition of tartaric acid ; while the diluted 
liquid yields an abundant black deposit of pulveru- 
lent antimony upon a surface of metallic tin. More- 
over, chloride of antimony reacts satisfactorily when 
examined by Marsh's or Reinsch's process. 

Solid compounds of arsenic are most readily recog- 
nized by the reduction test (vide par. 66). 

(34.) 6 Potash reacts with the salts belonging to the 
second section of this group, to precipitate the hy- 
drated oxides of the respective metals, thus: — 

2AgCl + 2KH0 = 2KC1 + Agfi . H,0 
2BTcia + 6KH0 = 6KCI + BijOj.SH.O. 

The hydrated oxides of mercury, lead, copper, and 
cadmium are produced according to the following 
general equation : — 

MClj + 2KH0 = 2KC1 -f MO.H,0. 

Hydrate of lead is soluble in excess of potash; the 
hydrates of silver, copper and cadmium are soluble 
in excess of ammonia; while those of bismuth and 
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mercury are insoluble in either reagent. Independ- 
ently of their behavior with sulphuretted hydrogen 
and caustic alkalies, the metals of this sub-section of 
the first group are characterized by the following 
reactions. 

Bismuth solutions, unless too acid, when they must 
first be evaporated down, yield an opaque white pre- 
cipitate on the addition of -water, due to the formation 
of some insoluble basic salt, thus : — 

bTcI, -f B.p = 2HC1 -f BiOCl 

Bi(N03)3 + H^O = 2HNO3 -f BiO.NOj or ^BiA-NA)- 

These basic salts of bismuth are insoluble in tar- 
taric acid, and are blackened by sulphuretted hydro- 
gen or sulphide of ammonium. 

Mercury solutions yield \Y\t\i protochloride of tin a 
white precipitate becoming gray spontaneously, or 
more rapidly on the application of heat. The white 
precipitate is calomel, which is formed from merca- 
rious salts by double decomposition, thus : — 

2HgN03 -f SnCl, = 2HgCl -f Sn'CNOa), or SiiO.NA- 

But it is formed from mercuric salts by reduction, 
thus : — 

2HgCl2 -f SuClj = 2HgCl + SnClj. 

The gray deposit consists of finely divided metallic 
mercury, produced by an abstraction of chlorine from 
the calomel first precipitated : — 

2HgCl + Siicij = Hg^ + Sn'ci,. 

This gray deposit, when boiled with hydrochloric 
acid, acquires the characteristic appearance of glo- 
bules of mercury. 

Lead solutions yield w\t\i suli^huric acid, or soluble 
sulphates, a white precipitate of sulphate of lead, in- 
soluble in cold nitric or hydrochloric acid : — 

FbCNOa)^ + HjSO^ = 2IINO3 -f PbSO, or PbO.SOj. 

8* 
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The precipitate is distinguished from the similar 
precipitate produced with barium- and strontium- 
salts, by its solubility in excess of potash, by its solu- 
bility in boiling hydrochloric acid, and by its becom- 
ing blackened by sulphuretted- hydrogen or sulphide 
of ammonium. 

Silver solutions yield with hydrochloric acid or 
soluble chlorides a white clotty precipitate of chlo- 
ride of silver : — 

AgNOj -f HCl = HNO3 + AgCl. 

The precipitate is soluble in ammonia, but insolu- 
ble in the strongest nitric acid, even when boiling. 
It is turned of a slate-purple color by exposure to 
light. 

Copper solutions, even when very dilute, give with 
ferroci/cmide of potassium a chocolate-red precipitate 
of ferrocyanide of copper, or of I'crrocyanide of 
copper and potassium, thus: — 

aCiiSO, -f K.FeCy. = 2K,S0, + Cu^FeCye. 

The precipitate is turned of a pale blue color by 
potash, and is then readily soluble in ammonia, 
forming a deep purple colored liquid, by which 
properties it is distinguished from the similarly col- 
ored ferrocyanide of uranium. 

Cadmium solutions are specially recognized by 
the bright yellow color and insolubility in sulphide 
of ammonium, of the precipitated sulphide of cad- 
mium CdS, produced by sulphuretted hydrogen or 
sulphide of ammonium. Of all the sulphides of the 
first group of metals, sulphide of cadmium is the one 
most readily soluble in acids. Cadmium-salts, more- 
over, are readily identified by their behavior before 
the blowpipe. 

I IV.— EXAMINATION FOR BASES OF GROUP II. 

(35.) The members of this group are precipitated 
by sulj-ihide or sulphydrate of ammonium, but are not 
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precipitated from their acidified solutions by sulphu- 
retted hydrogen. Inasmuch as sulphide of ammo- 
nium also precipitates most of the metals of the first 
group, their absence must be ascertained by the non- 
production of a precipitate with sulphuretted hydro- 
gen, before the reaction with sulphide of ammonium 
can be depended on as a general test for members of 
the second group. 

The solution to be tested with sulphide of ammo- 
nium should be nearly neutral, but it maybe slightly 
alkaline, or slightly acid without disadvantage. It 
must not, however, be decidedly acid; for if so, 
there may not only be no precipitate produced when 
some member of the group is present, but owing to a 
customary impurity in the reagent, there may even 
be a precipitate produced when every member of the 
group is absent. This last occurrence is consequent 
upon a deposition of sulphur from the mutual decom- 
position of the acid solution and the reagent, quite 
irrespective of the presence of any metal. Pure 
colorless sulphide or sulphydrate of ammonium, 
indeed, is not precipitated by mere acid solutions ; 
but the yellow persulphide of ammonium, into which 
it becomes gradually converted, is decomposed by all 
acid liquids with precipitation of sulphur, thus: — 

2HC1 + (NHJjSj = 2NH,C1 + HjS + S. 

The aqueous solution of a salt may be examined 
for members of the second group, by adding sulphide 
of ammonium at once ; but a solution of the salt in 
acid must be rendered neutral, or nearly neutral, with 
ammonia before applying the test. The addition of 
even an excess of ammonia to the acid liquid is no 
disadvantage. It will sometimes, indeed, produce a 
precipitate, but the formation of a precipitate by 
ammonia, equally with the formation of a precipitate 
by sulphide of ammonium, indicates the presence of 
a member of the second group ; though the non-pro- 
duction of a precipitate by ammonia does not prove 
the absence of all members of the group. The pre- 
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cipitate proJuoed by ammonia generally differs in 
its character, and frequently in its appearance, from 
that produced by sulphide of ammonia, but the forma- 
tion of a precipitate by ammonia will not interfere 
with the action of the more cbaracteristic reagent for 
the group. 

The acidulous solution of the substance which has 
been tested with sulphuretted hydrogen, but which 
has not yielded any precipitate therewith, may be 
examined for members of the second group by treat- 
ment with ammonia. In this case, one portion of the 
ammonia neutralizes the excess of acid, while another 
portion combines with the sulphuretted hydrogen to 
form sulphide or sulphydrate of ammonium, which 
serves to precipitate any member of the group, thus : — 

H,s + 2NH3 = (NH,),S. 

There are certain salts of barium, strontium, cal- 
cium, and magnesium which do not dissolve in water, 
but which are readily soluble in dilute mineral acids 
■ — nitric or hydrochloric, for instance— without, at the 
same time, undergoing any obvious decomposition. 
Hence, when such an acid solution is neutralized by 
ammonia, or by sulphide of ammonium, the salts are 
reprecipitated in their original condition ; so that, 
although the alkaline earths strictly belong to the 
third group, they are occasionally precipitated along 
with the proper members of the second. These salts 
are principally the fluoride of calcium— the oxa- 
lates of calcium, strontium, and barium — and 
the phosphates of magnesium, calcium, stron- 
tium, and barium. In Table II. they are referred 
to under the general term of earthy salts ; and the 
mode of distinguishing them from one another is 
described in par. 59. 

Table II. 

(36.) Examination of a solution containing some 
one member of the second group of bases ; namely. 
Nickel, Cobalt, Manganese, Iron, Chromium, 
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Aluminum, or Zinc; all of which bodies are pre- 
cipitated by Sulphide of Aininanium (a), from their 
neutral, or nearly neutral, solutions.* 



B- Add graduaUy a considerable excess of aqueous potash to a 
portion of the original solution. In any case a precipitate will be 
formed, which may either remain or be redissolved. 



Undissolved 


Dissolved 


Nickel, pale green. 


Chrome, green. 


Cobalt, pale blue. 


AniMiNu.M, white. 


Manganese, white, becoming 


Zinc, 


white. 


brown. 






Iron, olive-green, black, or red. 






Earthy Salts, white. 






y. Add to a fresli portion of 






the original solution some chlo- 






ride of cnnmonium and an excess 


}. Boil th 


e potash solution for 


of ammonia. 


some time. 




-^ 


Dissolved 


Precipitated 


Dissolved 


Precipitated 


Nickel, blue. 


Chrome, 


Aluminum. 


Iron, red 


Cobalt, brown- 


green 


Zinc. 


Earthy Salts, 


ish pink. 






white. 


Manganese, co- 




To the potash solu- 




lorless, speedily 




tion 




becoming brown 








and turbid. 




t. Add a 

few drops 
of sul]}hide 
of ainino- 
iriuin. 

Precipi- 
tated 

Zinc. 


f. Add 

excess of 
chloride 
of aitiiito- 
niinn. 

Precipi- 
tated. 

Alumi- 
num. 



(37.) a. Sulphide of aramoninm reacts with salts per- 
taining to this group, to form precipitates of various 

*To work successfully, the student must supplement the brief 
directions of the different tables, and more especially of this table, 
by the explanations and limitations of the succeeding letterpress. 
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cbaracters and aspects. Tlie precipitate is white in 
solutions of zinc, aluminum, and the earthy salts; 
black in solutions of iron, nickel, and cobalt; green- 
ish in solutions of chrome; and buff-colored in those 
of manganese. The student must not, however, 'b.ttach 
too much importance to the color of a precipitate, as 
it is a quality very liable to be interfered with by 
accidental circumstances. For instance, the presence 
of a trace of iron occurring as an impurity, may effect 
a great alteration in the characteristic appearance of 
precipitates due to chrome, manganese, zinc, alumi- 
num, or earthy salts, respectively, by imparting to 
them a black, gray, or greenish color. From its 
transparency, the precipitate produced in aluminous 
solutions is very liable to be overlooked. 

The salts of nickel, cobalt, manganese, iron and 
zinc are precipitated hy sulj^hide of ammonium, in the 
foj'm of sulphides, according to the general equation, 

MCI2 + (NHJ^S = 2NH,CI -f MS. 

From their neutral solutions these metals are pre- 
cipitated very imperfectly by sulphuretted hydrogen, 
in consequence of the formation during the reaction 
of hydrochloric or some other acid, in which the 
respective sulphides are soluble, thus: — 

MCI2 4- H,S = 2HC1 -f MS. 

But the sulphides of nickel, cobalt and zinc may be 
precipitated completely from solutions which are acid 
only with acetic acid, and in which, owing to the 
addition of an alkaline acetate, no stronger acid than 
the acetate can be set free during the reaction; 
though even then sulphide of iron can be but par- 
tially ])recipitated, and sulphide of manganese not at all. 

Although the sulphides of nickel and cob:dt are 
not precipitated in the presence of hydrochloric acid, 
yet, when once produced, they can only be dissolved 
in tiie acid with considerable difficulty; but they are 
readily soluble in nitric acid. The sulphides of zinc, 
iron, and manganese, however, are easily dissolved 
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by cold hydrochloric acid, and that of manganese by 
acetic acid. 

The sulphides of aluminum and chromium cannot 
be produced in the moist way. Hence the salts of 
these metals are precipitated by sulphide of ammo- 
nium in the form, not of sulphides, but of hydrated 
sesquioxides, with liberation of sulphuretted hydro- 
gen, thus : — 

2AICI3 + 3(NH,),S + 6H2O = 6NH,C1 + SH^S + Al203.3H^O. 

The earthy salts are precipitated as such by a 
mere neutralization of the acid in which they were 
dissolved, thus (vide page 92) : — 

Ca3(PO,)2.4HCl + 2(NHJ2S = CajCFO,)^ + 4NH,C1 + 2HjS. 

(38.) i3. From protosalts of nickel, cobalt, manga- 
nese, iron, and zinc, potash throws down the respective 
prothydrates, precisely as it does the prothydrates of 
the metals of the first group : — 

MCI2 -f 2KH0 = 2KC1 + MO.HjO. 

From the tri- or sesquisalts of iron, chromium, and 
aluminum, it precipitates the respective sesquiiiy- 
drates, thus:— 

2MCI3 -f 6KH0 = 6KC1 + Mjbj.SHjO. 

The earthy salts are precipitated as such by the 
neutralization of the acid in which they were dis- 
solved. 

The appearance of the manganese precipitate is very 
characteristic. From being quite white it becomes 
rapidly brown by an absorption of atmospheric oxy- 
gen. The precipitate given by potasb with perfectly 
pure protosalts of iron is greenish-white, but the pre- 
cipitate ordinarily obtained has a dark olive-green 
color, becoming ochrey-red by exposure to air ; with 
mixed proto- and sesqui-salts, a black precipitate, and 
with pure sesqui-salts a red- brown precipitate is 
produced. The hydrates of chromium, aluminum, 
and zinc are completely soluble in excess of potash, 
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■wliile the other precipitates are insoluble. Should 
the excess of potash effect an obvious solution of the 
precipitate at first thrown down, but the liquid at the 
same time not become perfectly bright, it may be 
filtered off from the oxide of iron, or other insoluble 
impurity, and tested for chromium, aluminum, and 
zinc («.) 

(39.) y. Ammnnia throws down from solutions of 
nickel, cobalt, manganese, iron, and earthy 
salts, precipitates which have respectively the same 
composition as those thrown down by potash. The 
precipitates produced in solutions of the earthy salts 
and in sesquisalts of iron are equally insoluble in 
excess of ammonia as in excess of potash ; but the 
prothydrates of nickel, cobalt, and manganese are 
readily soluble, and that of iron sparingly soluble, in 
excess of ammonia, when chloride of ammonium, or 
some other neutral anatomical salt, is also present. 
Hence when the previous experiment with potash has 
shown the probable presence of a protosalt of iron, it 
is necessary, before adding ammonia, to boil the solu- 
tion with a little nitric acid for a few minutes, so as 
to convert the protosalt into a sesquisalt, whereby all 
the iron may be precipitated as a red-brown sesqui- 
hydrate, quite insoluble in excess of ammonia. 

But when the color of the precipitate produced by 
potash, or some other reaction, has indicated the ab- 
sence of a protosalt of iron, the boiling with nitric 
acid may be dispensed with. The presence of a pro- 
tosalt of iron in the original solution is best shown 
by the addition of ferridcyanide of potassium, which 
produces therewith an abundant dark blue precipitate 
of ferridcyanide of iron, or Turnbull's blue: — 

SFeClj + 1K/tiCy^ = 6KC1 + Ye^Vefy^^. 

The presence of a sesquisalt of iron is best 
shown by s^dphocyanate of p)otassium, which produces 
therewith a blood-red liquid, due to the formation of 
sesqui-sulphocyauate of iion : — 

I'-eClj 4- 3KCyS = 3KC1 -f Fe'cGj-S),. 
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The mode of examining the earthy salts is de- 
scribed in par. 59. 

Wlien excess of ammonia is added to a strongly 
acid solution, or when chloride of ammonium and 
excess of ammonia are added to a nearly neutral so- 
lution of nickel, cobalt, or manganese, the precipitale 
at first produced is immediately redissolved. 

The ammoniacal solution of nickel has a deep 
purple-blue color, closely resembling that of the 
similarly constituted solution of copper. Potash 
added to the ammoniacal solution, throws down an 
apple-green precipitate of hydrate of nickel; but a 
very large quantity of potash may be added to the 
ammoniacal copper solution Avithout disturbing its 
transparency, and the precipitate finally produced is 
for the most part blue. Moreover, ferrocyanide of 
potassium produces, with ordinary salts of nickel, a 
pale green, and with ordinary salts of copper a 
chocolate-red, precipitate of the respective ferrocya- 
nides; and the two metals are otherwise well charac- 
terized. 

The ammoniacal solution of cobalt has a brownish- 
pink color, which gradually becomes darker by ex- 
posure to air, until eventually a brownish precipitate 
of hydrated sesquioxide of cobalt is produced. But 
the cobalt solution, when made with ammonia con- 
taining carbonate of ammonium, or even with carbo- 
nate of ammonium itself, has a fine pink color, which 
is tolerably permanent. Cobalt compounds are best 
recognized by fusion with the borax bead, to which 
they impart a deep purple-blue color. 

The ammoniacal solution of manganese is at first 
colorless, but by exposure to air it speedily becomes 
brown and opaque, from the conversion of the white 
soluble protliydrate into the brown insoluble sesqui- 
hydrate. Manganese compounds are very frequently 
contaminated with iron ; hence, when excess of am- 
monia i)roduces a brown precipitate, it is often worth 
while to pour the mixture on to a filter, and to test 
*he ammoniacal filtrate with sulphide of ammonium ; 
9 
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whereupon mangfinese, if present, is precipitated as a 
flesh-colored sulphide. Manganese is best recognized 
before the blowpipe by fusing some carbonate of so- 
dium, to which a little nitre may be added, upon 
platinum foil, and then introducing a minute portion 
of the manganese compound, whereby a bright green 
fusible mass of manganate of sodium Na^MnO^, is pro- 
duced. 

(40.) s. The potash solution of chromium is of a 
green color, and when boiled for a longer or shorter 
time, according to the relative proportions of potash 
and chrome present, deposits the whole of its chrome 
in the form of a green precipitate. Chrome com- 
pounds are best recognized by the emerald green 
color they impart to the borax bead; and by the 
bright yellow mass of chromate of alkali metal which 
they yield when ignited on platinum foil, with car- 
bonate of sodium and nitre, before the blowpipe. 

<:. The potash solution of zinc, when containing a 
considerable excess of potash, is not affected even by 
prolonged ebullition; but when containing only a 
slight excess, it soon deposits an opaque white pre- 
cipitate. On adding a few drops of sulphide of am- 
inonium to potash solution of zinc, sulphide of zinc 
is formed, which being, unlike the hydrate of zinc, 
insoluble in potash, is thrown down as a white pre- 
cipitate, frequently having a grayish tinge from the 
accidental presence of a trace of lead in the potash 
used as the reagent. 

Zinc compounds when strongly heated leave a fixed 
infusible residue, which, when cold, is quite white, 
but when hot has a deep greenish-yellow tint. Moist- 
ened with nitrate of cobalt solution and re-ignited, it 
acquires a pure permanent chrome-green color. 

t. The potash solution of alumina is unaffected 
by boiling, and also by the addition of a few drops 
oi' sulphide of ammonium, unless indeed the potash 
contains an appreciable quantity of lead, when a black 
precipitate of suljjliide of lead is formed. 

Ammonia or carbonate of ammonium gives a sinii- 



BASES OF GROUP III. 99 

Jar white precipitate with zincoiis ami albuminous 
salts, but the precipitate produced with the former is 
freely soluble, while that produced with the latter is 
insoluble in excess of the reagent. Hence the addi- 
tion of chloride of ammonium to potash solution of 
zinc produces no precipitate; but when added insuffi- 
cient quantity to potash solution of alumina, it throws 
down a white gelatinous precipitate of hydrate of 
aluminum, owing to a substitution of free ammonia 
for free potash, thus: — • 

NH.Cl -f KHO = KCl -f NH.HO, or NH^.H^O. 

Compounds of aluminum, when strongly heated in 
the blowpipe flame, leave a white, infusible, highly 
incandescent residue, which, when moistened with so- 
lution of nitrate of cobalt, and re-ignited, assumes a 
fine permanent blue color. 

I v.— EXAMINATION FOR BASE.S OP GROUP III. 

(41.) This group includes the bases which are not 
pre(3ipitated either by sulphuretted hydrogen, or by 
sulphide of ammonium. A solution of the salt in 
water or acid may be at once examined, according to 
the directions of Table III. Or the solution, which 
has been successively treated with sulphuretted hy- 
drogen and sulphide of ammonium without the pro- 
duction of a precipitate, may be tested for any of the 
metals of this group, except potassium, sodium, and 
ammonium. If the original substance required an 
acid to effect its solution, its base cannot be any one 
of the last three, inasmuch as all simple salts of po- 
tassium, sodium, and ammonium are soluble in hot 
water. 

Table III. 

(42.) Examination of a solution containing some 
one member of the third group of bases; namely, 
Barium, Strontium, Calcium, Magnesium, Potas- 
sium, Sodium, or Ammo^jium. The sulphides or sul- 



100 EXAMINATION FOR BASIC GROUPS. 

pli_yclrates of these metals being soluble in water, the 
solutions of their salts are not precipitated either by 
sulphuretted hydrogen, or by sulphide or sulphydrate 
of ammonium. 



a. Add chloride and carbonate of ammonium to the original solu- 
tion, and warm gently. 



Precipitated 

Barium 

Stkontidm 
Calcium. 



B. Add sulphate of potassium or 
dilute sulphuric acid to the origi- 
nal solution. 



Dissolved 

Magnesium 
Potassium 

Sodium 
Ammo.n'ium. 

y. Add phosphate of ammonium 
to the above solution already 
containing the amnioniacal salts, 
and stir. 



Precipitated 


Dissolved 


Precipitated 


Dissolved 


Barium (quick-It/) 


Calcium. 


Magnesium. 


Potassium 


Strontium (^slowly). 






Sodium 
Ammo.nium. 


Add chromale of po- 








tassium to the original 






J. Add to the ori- 


solution. 






nal solution tartaric 
arid in excess, and 


Precipitated Dissolved 


stir. 


Barium. Strontium. 






Precipitated Dissolved 
Potassium.! Sodium. 

AMMOh-IUM? 



(43.) 1*. Carbonate of ammonium produces in solu- 
tions containing barium, strontium, or calcium, a 

white precipitate, the carbonates of these three metals 
being insoluble : — 

CaCl^ -f (NHJ.COj = 2NH,C1 + CaCO^, or CaO.CO^. 

When carbonate of ammonium is added to an acid 
solution of the compound under e.xamination, care 
must be taken to add a quantity more than sufficient 
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to neutralize the acid, or, in other words, enough to 
render the solution alkaline. Inasmuch as the car- 
bonic gas evolved on addiug carbonate of ammonium 
to an auid liquid retains the carbonates of the alkaline 
earth-metals in solution, it must be e.Kpelled by gentle 
warming. Carbonate of magnesium also is in.solu- 
ble in water, though readily soluble in solutions con- 
taining chloride of ammonium or other ammoniacal 
salt. Hence the necessity of adding chloride as well 
as carbonate of ammonium to the aqueous solution of 
the substance under examination, in order to prevent 
a precipitate of carbonate of magnesium being formed, 
and confounded with one of the other precii)itable 
carbonates. But when the substance has beeji dis- 
solved in an acid, the carbonate of ammoniutn ex- 
pended in neutralizing the acid forms a sufficient 
quantity of neutral ammoniacal salt to prevent the 
precipitation of carbonate of magnesium; and conse- 
quently the separate addition of chloride of ammo- 
nium is rendered unnecessary. The addition of 
chloride of ammonium may also be dispensed with, 
when the carbonate is added to a portion of the solu- 
tion with which a negative result has been obtained 
by successive treatment with sulphuretted hydrogen 
and sulphide of ammonium. Carbonate of ammo- 
nium also precipitates most of the metals belonging 
to the first and second groups, so that it can only 
be depended upon to indicate the presence of the 
alkaline earth-metals, when absence of all other pre- 
cipitable metals has been previously ascertained by 
sulphuretted hydrogen and sulphide of ammonium 
resj^ectively. 

j3. Sulphate of calcium is very slightly soluble in 
water, sulphate of strontium still less so, and sul- 
phate of barium quite insoluble. Hence sulphuric 
acid and most soluble sulphates give precipitates in 
the solution of all three metals. But owing to the 
sparing solnhility o? sulphate of 2Mlassiiim in water, 
its solution does not usually precipitate the salts of 
calcium unless very concentrated, though it is readily 

9* 
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capable of precipitating those of strontium and ba- 
rium: — 

BaClj + K^SOj = 2KC1 + BaSO,, or BaO.SOj. 

Moreover, a solution of sulphate of calcium will 
not precipitate salts of calcium under any circum- 
stances, but will nevertheless precipitate those of 
strontium and barium, the former slowly, the latter 
immediately. 

Oxalate of ammonium is the reagent usually em- 
ployed to demonstrate the presence of calGium, with 
neutral or alkaline solutions of which it gives a white 
precipitate of oxalate of calcium, soluble in nitric 
and hydrochloric, but insoluble in acetic and Oxalic 
acids : — 

CaClj -f (NHJijCjOj == 2NH,C1 + CaC^O,, or CaO.C^Oj. 

But oxalate of ammonium produces precisely simi- 
lar precipitates in neutral salts of strontium and 
barium, the oxalates of these two metals being also 
insoluble in water. That of barium, however, is 
soluble in excess of warm oxalic acid. Moreover, 
free oxalic acid precipitates neutral solution of cal- 
cium and strontium, but not of barium, unless very 
concentrated. 

In solutions acidified with acetic acid, chromate of 
potassium has no action upon strontium and calcium 
salts, but throws down from barium salts a yellow 
precipitate of chromate of barium, soluble in the 
nitric and hydrochloric acids : — 

Ba(.N03)2 + KjCrO^ = 2KNO3 + BaCrOj. 

Ilydrofluosilicic acid also serves to distinguish ba- 
rium salts from those of strontium and calcium, with 
the first of which it alone produces a precipitate, the 
fluosilicate of barium being alone insoluble. This 
test is unaffected by the presence of nitric and hydro- 
chloric acids : — 

BaClj + HjSiFj = 2HC1 + BaSiFg, or BaF^.SiF^. 
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Most barium salts, especially when moistened with 
hydrochloric acid, impart an apple-green color to the 
blowpipe flame ; strontium salts a marked crimson ; 
and calcium salts an orange-red. 

(44) y. Phos]ihale of ammonium, or of sodium, gives 
with Magnesian solutions, containing carbonate of 
ammonium or free ammonia, a white crystalline pre- 
cipitate of phosphate of magnesium and ammonium, 
frequently known as triple phosphate : — 

Micij 4- (NH,),HPO, -f NH3 = 2NH,C1 4- Mg(NH,)FO,. 

This precipitate does not usually form in warm 
solutions, and is frequently produced only after brisk 
stirring, or rubbing the inside of the tube with a 
glass rod. It must be remembered that phosphate of 
ammonium gives precipitates with salts of barium, 
strontium, and calcium, and of most metals belonging 
to the first and second groups, so that it can only be 
relied upon as a test for magnesium when the absence 
of all other metals precipitable by it has been first 
ascertained. 

6. Tartaric acid gives with neutral solutions of po- 
tassium salts a white crystalline precipitate of acid 
tartrate of potassium or cream of tartar : — 

KCl 4- U.Cfie = HCl 4- KH.C.Oe. 

The precipitate does not usually appear in a warm 
liquid. It is produced very slowly in solutions of the 
more sparingly soluble, and in dilute solutions of the 
more freely soluble potassium salts. From such 
solutions it is best obtained by cooling the mixture 
under a tap, diluting it with a little alcohol, and 
stirring it briskly with a glass rod, which should be 
rubbed against the inside of the tube. In testing 
alkaline solutions for the presence of potassium, care 
must be taken to add an excess of tartaric acid. The 
precipitate of cream of tartar is not formed in solu- 
tions of potassium salts which have a marked acid 
reaction from the presence either of oxalic acid, or 
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of one of the strong mineral acids. But on neutra- 
lizing such solutions with caustic soda, or carbonate 
of sodium, and then adding tartaric acid, the charac- 
teristic precipitate is readily obtained. 

PerchJoride of jilalinnm produces also in solutions 
of potassium-salts, which should first be acidulated 
with h3alrochIoric acid, a yellow crystalline precipi- 
tate of platino-chloride of potassium 2KCl.PtCl^, the 
deposition of which is facilitated by stirring, and by 
the addition of alcohol. 

Solutions of ammonium-salts, when moderately 
concentrated, resemble potassium-salts in their beha- 
vior with tartaric acid, yielding therewith a crystalline 
precipitate of acid tartrate of ammonium (NHJHjC^O,. 
Hence ammonia cannot be used to neutralize those 
acid solutions which have to be tested with tartaric 
acid for the presence of potassium. Moreover, mode- 
rately concentrated solutions of ammonium-salts give 
with dichloride of platinum a yellow crystalline 
precipitate of platino-chloride of ammonium 2NH^ 
Cl.PtGlj, resembling the similar compound of potas- 
sium. Dilute solutions of ammoniacal salts behave 
like solutions of sodium-salts in not furnishing any 
precipitate with either tartaric acid or dichloride of 
platinlim. But ammonium-salts may be readily dis- 
tinguished from those of potassium and sodium by 
their partial or complete volatility, and by their solu- 
tions evolving ammonia when boiled with potash or 
lime: — 

NH.CI -f KHO = KCl + NHj + HjO. 

Sodium-salts impart an intense yellow coloration 
to flame, and potassium-salts a marked violet. 

I VI.— EXAMINATION FOR ACIDS. 

(45.) The student should always ascertain the na- 
ture of the metallic or basic constituent of his sub- 
stance, before proceeding to search for its acid or 
cliloroid constituent. In this search he will be 
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greatly assisted by a knowledge of the special charac- 
ters of particular salts, and of the general characters 
of various classes of salts. Knowing, for instance, 
that sulphate of barium is insoluble in all menstrua, 
he need not test a soluble barium salt for sulphuric 
acid. Ou the other hand, a salt insoluble in water is 
not likely to be a nitrate or chlorate. The following 
classes of salts are, as a rule, soluble in water: Ni- 
trates, excepting a few superbasic salts ; acetates, ex- 
cept acetate of silver, which is only sparingly soluble ; 
chlorides, except chloride of silver, which is insoluble 
in boiling nitric acid, and mercurous chloride, or 
calomel, which dissolves in boiling nitric acid with 
conversion into mercuric salt : chloride of lead is 
moderately soluble in boiling, though very sparingly 
soluble in cold water. Sulphates, except those of 
barium, strontium, and lead, which last is soluble in 
boiling hydrochloric acid : the sulphates of silver and 
calcium also are only sparingly soluble. The follow- 
ing classes of salts are, as a rule, insoluble in water : 
Oxides or hydrates, and sulphides or sulphydrates, 
except those of the alkali- and alkaline earth- metals, 
and the sulphydrate of magnesium ; also carbonates, 
phosphates, and oxalates in general, except those of 
the alkali metals, and many hyperacid salts. 

The presence of any particular acid is indicated 
more or less certainly by the behavior of the sub- 
stance when gently heated in the solid state with 
three' or four times its bulk of strong sulphuric acid, 
and when under examination for the detection of its 
metallic constituent. 

The most usual decomposition which takes place 
between sulphuric acid and the salt of a more volatile 
or feeble acid consists in an exchange of the hydrogen 
of the sulphuric acid for the metal of the salt, thus : — 

HjSO^ + NaCl = NallSO, -f HCl 
H2SO4 + KNO3 = KHSO, -f HNO3. 

Reactions similar to the above take place with the 
salts of nearly all acids, provided the sulphuric acid 
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employed is not too strong, and the heat not too 
great ; but with ordinary oil of vitriol, especially at 
a somewhat high temperature, the liberated acids 
themselves often undergo a partial or complete de- 
composition. 

The tartaric and citric acids, for instance, are de- 
stroyed with more or less charring. The nitric and 
chloric acids yield the peroxides of nitrogen and of 
chloi'ine respectively, thus : — 

2HNO3 = HjO + N,o, + 
2HCIO3 = HjO + C1,0^ -f 

except that, in the former case, the decomposition is 
but slight, while in the latter, the separated oxygen 
converts another portion of the chloric into per- 
chloric acid. 

Oxalic acid breaks up into water, carbonous oxide, 
and carbonic anhydride, thus : — 

Kffit = HjO + CO 4- CO^. 

The hydrobromic, hydroiodic, and sulphydric acids 
are decomposed with liberation of bromine, iodine, 
and sulphur, respectively, thus: — 

2HBr + HjSO^ = 2HjO -f SO^ -{- Br^ 

2HI + H^SOj = 2H,0 + SO2 + Ij 

HjS + HjSO^ = 2H2O + SO2 -f S 

Hydrocyanic acid yields acid-sulphate of ammonia 
and carbonous oxide, thus: — 

HCN + HjO -f HjSO, = CO + NHj.H^SO^. 

(46.) In the following table the principal acids are 
classified according to the behavior of their salts 
when under examination for bases, and when warmed 
with strong sulpliuric acid; — 
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TABLE IV. — Preliminary Testing for Acids. 



A. Indicated during 
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(47.) a. Deflagration of the substance, when heated 
upon charcoal before the blowpipe, shows the proba- 
ble presence of a nitrate or chlorate. 

Charring of the substance, when heated upon plati- 
num foil or charcoal, usually indicates the i^resence 
of a tartrate or citrate. 

Effervescence from the substance, when its solution 
is being effected in hydrochloric acid, occurs with 
several classes of salts. 

With nearly all carbonates there is evolution of 
carbonic anhydride, thus : — 

2HC1 + CaCOj = CaClj + H,0 + CO^. 

The gas is free from any marked smell, and renders 
lime-water milky (vide par. 84). 

With many sulphides there is evolution of sul- 
phydric acid or sulphuretted hydrogen, thus: — 
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2HC1 


+ 


FeS = 


FeClj 


+ 


HjS 


6HC1 


+ 


Sb,S3 = 


2SbCl3 


+ 


3HjS. 



Tlie gas smells most ofifensively, and turns lead 
paper of a black or brown color. 

With sulphites and hyposulphites {vide par. 94) 
there is evolution of sulphurous anhydride, thus : — 

2HC1 + NajSOj = 2NaCI + HjO = SOj. 

The gas has the peculiar suffocating smell of burn- 
ing sulphur, and produces a purple discoloration ou 
starch paper moistened with iodic acid solution. 

With peroxides there is evolution of chlorine, 
thus : — 

4HC1 + MnO^ = 2H2O + MnClj + Cl^. 

The gas, which has a greenish color and charac- 
teristic irritating smell, produces a purple coloration 
on starch paper moistened with iodide of potassium. 

Similar effects are observable on acidifying with 
hydrochloric acid the strong aqueous solutions of 
soluble carbonates, sulphides or sulphydrates, sul- 
phites, and hyposulphites; but the evolution of chlo- 
rine under these circumstances would probably be due 
to the presence of a hypochlorite. Moreover, most 
simple cyanides, and the strong aqueous solutions 
of such of them as are soluble, eti'ervesce when 
warmed with hydrochloric acid, from an evolution of 
hydrocyanic acid gas, known by its characteristic 
smell, and by its behavior with sulphide of ammonium, 
&c. {vide par. 99). 

HCl + KCN = KCl + HCN. 

The aqueous solutions of certain salts when acidi- 
fied with hydrochloric acid 3qeld preci2:iitates due, not 
to the metals silver, lead, and mercury, but to the 
acids of the respective salts. 

With persulphides there is formed a yellowish 
white turbidity from liberated sulphur, always accom- 
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panied, however, by ad evolution of sulphuretted 
hydrogen : — 

2HCI + KjSj = 2KCI + U^S + S. 

With hyposulphites, there is gradually produced a 
more decidedly yellow precipitate of sulphur, and an 
evolution of sulphurous anhydride, thus : — 

2HCI + NajSPa = 2NaCl + HjO + SO^ + S. 

With soluble silicates there is produced a gela- 
tinous precipitate of silica, which separates out more 
completely, and becomes gritty on evaporation : — 

2HC1 + K^SiOj = 2KC1 + H^O + SiO^. 

Borates, and benzoates, if sufficiently concen- 
trated, yield crystalline precipitates of boric and ben- 
zoic acids respectively, which dissolve in boiling 
water, and crystallize out again on cooling : — 



HCl -f NaHsCBOj)^ 


= NaCl 


+ 


2H3BO3. 


HCI -f KH^C,©^ 


= KCl 


+ 


H,C,0, 



In testing for bases of the first group, by treating 
the acidified solution of the substance with sulphu- 
retted hydrogen, strong evidence of the presence of 
arsenates or chromates may also be afforded. Aci- 
dified solutions of arsenates slowly yield a yellow 
precipitate of mixed trisulphide of arsenic and sul- 
phur, thus : — 

5HjS -f 2HC1 + 2KH2ASO4 = 8H2O + 2KCI + AS2S3 + Sj. 

Acidified solutions of chromates yield a yellowish- 
white deposit of sulphur, while the color of the liquid 
changes from orange-red to green, owing to the reduc- 
tion of the chromic acid to the state of a chrome-salt, 
thus : — 

SHjS -f 6HC1 4- 2Cr63 = 6HjO + 2CrCl3 + S3. 

(48.) 13. 'Nitrates, when heated with sulphuric 
acid, give off nitric acid vapors, sometimes having a 
brownish tint from the presence of peroxide of nitro- 
10 
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gen. On the addition of a' few copper turnings the 
brown color becomes very marked, from the evolu- 
tion of colorless nitric oxide N^O^, and its immediate 
conversion into brown peroxide of nitrogen N^O^, by 
an absorption of atmospheric oxygen : — 

SHjSO, + 3Cu + 2HNO3 = SCuSO^ + 4HjO +NjO^. 

The vapor, whether before or after the addition 
of copper, has a characteristic nitrous smell, reddens 
litmus paper, and gives a purple coloration to starch 
paper moistened with iodide of potassium : — 

2KI + N2O4 = 2KNO2 + Ij. 

Chlorates react somewhat violently with sulphuric 
acid, producing an immediate browning, and, either 
at once or on the slightest application of heat, a 
crackling, or even loud detonation, from the breaking 
up of the peroxide of chlorine first liberated. 

Tartrates and citrates undergo more or less char- 
ring, the tartrates becoming thoroughly blackened, 
the citrates merely browned. 

Carbonates, sulphites, and sulphides effervesce with 
sulphuric as with hydrochloric acid ; except that in 
the last case some of the liberated sulphydric acid 
reacts with the excess of sulphuric acid to form sul- 
phur, water, and sulphurous anhydride, as already 
described {vide par. 45). 

y. Most chlorides when warmed with sulphuric 
acid evolve hydrochloric acid gas, which reddens 
litmus paper, and has a well characterized pungent 
smell. On the addition oT a little peroxide of man- 
ganese, chlorine is evolved, recognizable by its pecu- 
liar irritant smell: — 

H^SO. + MnOj + 2HC1 = MnSO^ + 20^0 + C\. 

It bleaches litmus, and produces a purpling of starch 
paper moistened with iodide of potassium solution. 

Bromides evolve a mixture of hydrobromic acid 
with bromine vapor, the latter recognizable by its 
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brown color, irritant smell, and power of bleaching 
litmus. 

Iodides yield iodine vapor, recognizable by its 
violet color, and by its rendering starch paper purple. 

Fluorides give off' pungent fumes of hydrofluoric 
acid, which redden litmus and etch glass {vide par. 
106). 

Acetates give off acetic acid vapors, which redden 
litmus. On tlie addition of a little alcohol the origi- 
nal sour smell of the acid is changed into the fruity 
smell of acetic ether. 

6. Borates do not react visibly with sulphuric 
acid, bat on adding alcohol, and then setting fire to 
the mixture in a capsule, the flame presents a marked 
green color. 

Oxalates and cyanides are decomposed by heated 
sulphuric acid with liberation of carbonous oxide gas, 
accompanied in the case of the former salts with car- 
bonic anhydride; but as the evolution of gas is liable 
to be overlooked, and the gas itself does not present 
any striking property, the oxalates and cyanides are 
here included among the salts with which sulphuric 
acid produces no obvious effect. 

Phosphates, arsenates, sulphates, silicates, 
and oxides do not react visibly with sulphuric acid ; 
except that with some peroxides there is evolution 
of oxygen, transformable into that of chlorine on the 
addition of chloride of sodium or hydrochloric acid. 

(49.) The various liquid tests for the acids should 
be applied by preference to an aqueous solution of 
the original substance. But if insoluble in water, 
and consequently neither a nitrate nor a chloride, it 
may be dissolved in dilute nitric or hydrochloric acid, 
and the tests applied to the solution so formed. 

The presence of certain basic metals interferes occa- 
sionally with the described reactions of several of the 
acids. Thus solution of hydrochloric acid or any 
chloride, when tested with nitrate of silver, gives a 
white precipitate of chloride of silver, said to be 
readily soluble in ammonia. But on adding nitrate 
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of silver to solution of mercuric chloride, and treating 
the resultant white precipitate with ammonia, there 
is no obvious solution produced, because, although 
the precipitated chloride of silver does actually and 
completely dissolve, a white insoluble mercuram- 
monium compound is simultaneously thrown down 
from the mutual reaction of the ammonia and mer- 
curic salt. 

Bearing in mind, however, the interference likely 
to be produced by the presence of the particular metal 
previously detected, the tests for sulphuric, hydro- 
chloric, and nitric acids can for the most part be 
satisfactorily applied to any of their salts. 

But in testing for phosphoric, oxalic, and tartaric 
acids more particularly, and for other acids when any 
difficulty occurs, it is important that the base of the 
salt should be one of the alkali metals, potassium, or 
sodium, or ammonium. 

The bases of the first group may be got rid of by 
saturating the solution with sulphuretted hydrogen 
gas, filtering, evaporating the filtrate until it ceases 
to smell, and neutralizing it with carbonate of sodium 
or potassium. 

The bases of the second group, together with ba- 
rium, strontium, calcium, and magnesium, may be 
removed by adding to the acidulous, or occasionally 
to the aqueous, solution of the substance an excess 
of carbonate of sodium or potassium, boiling for some 
time, and filtering. The filtrate can afterwards be 
neutralized with nitric or hydrochloric acid, which 
may be conveniently added drop by drop from a 
pipette. 

(50.) The following abridged table shows the action 
of some general reagents upon the dissolved salts of 
the principal acids. By its aid and that of the pre- 
ceding table, the student will rarely have much diffi- 
culty in quickly discovering the acid constituent of 
his substance, although, indeed, the course of exami- 
nation is not so systematic as that for the bases. A 
more complete table for the detection of the acids 



PRECIPITATION BY NITRATE OF SILVER. 113 



would include the reactions of a few organic salts of 
comparatively rare occurrence, such as the formates, 
succinates, citrates, meconates, gallates, tannates, and 
ferrid-cyanides ; of a few mineral salts of similarly 
rare occurrence, namely, the iodates, seleniates, and 
silico-fluorides ; of a few mineral salts rarely met with 
in the soluble form, namely, silicates and fluorides; 
and of the previously detected arsenates. It would 
also mention the several precipitates given by nitrate 
of silver and nitrate of barium respectively, which 
disappear on acidification, and have, as a rule, but 
little practical interest. 

Table V. — Course for Detection op the Acids. 



a. Nitrate of 


^. Niirate of 


>. Chloride of 


6, Perchlovide of 


silver. 


Barium. 


Calcium. 


Iron. 


From acid solu- 


From acid solu- 


From acetic acid so- 


From acid solutions 


tions 


tions 


lutions 
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Sulphates. White 


Oxalates. White 


Ferrocyanides. 
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" 
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Sdlphites ^ 
&c. &c. 


J'. Sulphate of 
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From ammon, sols. 


Acetates. 






Phosphates. White 


D. red color. 



(51.) o. Nitrate of silver causes precipitates in the 
solutions of very many classes of salts, the majority 
of silver salts being more or less insoluble in water. 
The reactions consist in an exchange of the silver of 
the nitrate of silver for the metal or quasi-metal of 
the dissolved salt under examination, as illustrated 
by the following examples : — 



AgNO, 


+ 


KI = KNO3 


+ 


Agl 


SAgNOj 


+ 


FeClj = Fe(N03)3 


+ 


3AgCl 


2AgN03 


+ 


(NH,)jC,0, = 2NH,N03 


+ 


Ag,C,0, 


SAgNOj 


+ 


,,,,,„. f2NaN03 
10* 


+ 


Agal-O, 
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All the precipitates produced by nitrate of silver dis- 
appear upon the addition of nitric acid, or do not form 
in presence of free nitric acid, except the chloride, 
cyanide, bromide, iodide, and sulphide. 

"With chlorides the silver precipitate is white, be- 
coming slate-colored on exposure to light, and soluble 
in ammonia before discoloration. Upon heating the 
original substance with peroxide of manganese and 
sulphuric acid, chloriue gas is evolved. 

With simple* cyanides the silver precipitate is 
white, soluble in ammonia, and in boiling concentrated 
nitric acid : a portion of the precipitate washed by de- 
cantation may be treated with yellow sulphide of 
ammonium, whereby sulphide of silver and sulpbo- 
cyanate of ammonium are produced, which last 
strikes a deep red color on the addition of a ferric 
salt. An excess of sulphide of ammonium must be 
avoided, or afterwards got rid of by evaporation to 
dryness. 

With bromides the silver precipitate is white, and 
with difficulty soluble in ammonia. Bromine is libe- 
rated from the original salt, when treated with sul- 
phuric acid, and from the solution of the salt whea 
treated with a few drops of nitro-hydrochloric acid 
or chlorine-water, whereby the liquid assumes a red- 
brown color rendered more evident upon the addition 
of a little ether or chloroform, which dissolves out 
the bromine to form a deep brown stratum. 

With iodides the silver precipitate has a pale yel- 
low color, and is insoluble in, but turned white by, 
ammonia. Iodine is liberated from the salt when 
treated with sulphuric acid, and from the solution of 
the salt when treated with a few drops of yellow 
nitric or nitro-hydrochloric acid or chlorine-water, 
its presence being manifested by the purple color it 

* Ferrocyanide and sulphooyanate of silver occur as white pre- 
cipitates, and the ferridcyauide as a brown precipitate, all unaf- 
fected by nitric acid, but soluble ferrocyanides, ferridcyanides,aiid 
sulphocyanates are recognized immediately by their behavior with 
iron solutions. 
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produces on starched paper, or with dilute starch paste 
added to the liquid, or by the pink or crimson color 
it imparts to chloroform. 

With sulphides the silver precipitate is black, and 
insoluble in ammonia, but soluble in boiling nitric 
acid. Nitro-prusside of sodium added to an alkaline 
sulphide produces a deep purple coloration. 

Of the silver precipitates which disappear on acidi- 
fication with nitric acid, the hydrate is brown, the 
chromate dark red, the arsenate brick-red, the phos- 
phate bright yellow, though sometimes white, the car- 
bonate pale yellow, and the rest white. The oxalate 
is insoluble in acetic acid ; the acetate is thrown down, 
from concentrated solutions only ; the tartrates, for- 
mates, and sulphites are reduced to the metallic state 
on boiling ; while the borates, benzoates, and citrates 
do not exhibit any characteristic property. 

(52.) p. Nitrate or chloride of harium precipitates the 
solutions of many classes of salts, most barium salts 
being insoluble or sparingly soluble in water. The 
reaction consists in an exchange of the barium of 
the nitrate or chloride of barium for the metal or 
quasi-metal of the salt under examination, thus :— 



Ba(N03)j 


-f Na^SO^ = 


2NaN03 -f BaSO., 


BaClj 


+ KHSO^ = KCl 


+ HCl + BaSO^ 



With sulphates the barium precipitate is white, 
and, if in any quantity, opaque. It does not disap- 
pear upon the addition of nitric or hydrochloric acid, 
but is nevertheless slightly soluble in concentrated 
nitric acid. The seleniate and silicofluoride of barium 
also occur as white precipitates unaffected by acidifi- 
cation {vide par. 95). Of the barium precipitates 
which dissolve in nitric or hydrochloric acid, the 
chromate is yellow and the remainder are white. The 
carbonate and sulphite dissolve with effervescence. 
The arsenate, borate, and tartrate do not form in the 
presence of ammoniacal solutions, and, when once 
thrown down, disappear more or less readily on the 
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addition of chloride of ammonium. The oxalate and 
phosphate exhibit no characteristic properties. 

(53.) y. With a few exceptions, chloride of calcium 
causes precipitates with the several classes of salts 
which are precipitated by chloride or nitrate of ba- 
rium ; but while sulphate of barium is much more in- 
soluble in water and acids than sulphate of calcium, 
oxalate of calcium is more insoluble in water, and 
especially in acetic acid, than oxalate of barium. 

With solutions of oxalates in which there is no 
free mineral acid, chloride or sulphate of calcium pro- 
duces an opaque white precipitate of oxalate of cal- 
cium, the deposition of which, when in small quantity, 
may be facilitated by stirring : — 

C'kci, + KjCjO, = 2KC1 -f CaCjO^. 

The precipitate is insoluble in ammonia and in 
acetic acid, but soluble in dilute nitric or hydrochlo- 
ric acid. Its solubility in mineral acids distinguishes 
it from sulphate of calcium, which is occasionally 
thrown down by chloride of calcium from strong solu- 
tions of sulphates, as does also its property of effer- 
vescing with sulphuric acid and peroxide of manga- 
nese ; while its insolubility in acetic acid distinguishes 
it from the phosphate, tartrate, carbonate, and other 
salts of calcium insoluble in water. 

The solution to be tested for oxalic acid with chlo- 
ride of calcium may be alkaline, or neutral, or acid 
from acetic acid only. If an alkaline carbonate is 
present from its employment in preparing the solu- 
tion, it should be neutralized with acetic or hydro- 
chloric acid. If an excess of mineral acid is present, 
it may either be neutralized with ammonia, or acetate 
of ammonia may be added, whereby the free mineral 
acid is replaced by free acetic acid, thus : — 

HCI + (NH,)H3C,02 = NH.CI + H.C^O,; 

but in practice it is better to add the ammonia and 
acetic acid separately. 

In neutral solutions of tartrates, chloride of cal- 
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cium gives a white precipitate of tartrate of calcium, 
soluble even in acetic acid : — 

CaClj + KNaH^C.Oj = KCl + NaCl + CaH.CjO^. 

On digesting the precipitate with potash, filtering, 
and boiling the filtrate, a white turbidity is produced, 
which disappears on cooling. This behavior with 
potash distinguishes the tartrate from the phosphate 
and other insoluble salts of calcium. Tartrate of cal- 
cium is not thrown down in the presence of much 
aminoniacal salt. 

(54.) 5. Although phosphate solutions are precipi- 
tated alike by nitrate of silver, nitrate of barium, 
chloride of calcium, sulphate of magnesium, and per- 
chloride of iron, it is the magnesian precipitate more 
especially which is characteristic of phosphoric acid. 
From a neutral or alkaline phosphate solution, a 
mixture o? sulj^haie of magnesium, chloride of ammo- 
nium and ammonia throws down a white crystalline 
precipitate of phosphate of ammonium and magne- 
sium, thus : — 

MgSO, -f NHj + Na.HPO, = Na.SO, + NH.MgPO,. 

In common with all magnesian precipitates, it is 
readily soluble in acids ; but, unlike any other mag- 
nesian salt, except the arsenate, it is insoluble in am 
monia and ammoniacal salts. The yellow precipitate 
given with nitrate of silver is a useful confirmatory 
test, as is also the reaction with molybdate of ammo- 
nium {vide par. 100), although this last is common to 
the phosphoric and arsenic acids. 

(55.) f. Perchloride of iron, which, for most pur- 
poses, should be free from any excess of acid, causes 
precipitates or characteristic alterations of color in 
the solutions of very many classes of salts, among 
which may be mentioned the following : — 

With ferrocyanides a dark blue precipitate of 
Prussian blue, Fe,Cy,3 or 3Fe"Cy,.4Fe'"Cy3, is thrown 
down ; while with sulphocyanates a dark-red color, 
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due to ferric sulphocyanate Fe"'(CyS)3, is developed, 
neither of which results is affected by the addition of 
hydrochloric acid. With neutral borates, benzo- 
ates, or phosphates, there is produced a pale browa 
precipitate of borate, benzoate, or phosphate of iron, 
which disappears on the addition of hydrochloric 
acid. The phosphate, however, 'Fe'"FO^, is scarcely 
affected by acetic acid, save iu presence of a large 
excess of iron. 

With neutral acetates and sulphites, there is 
produced a dark reddish-brown coloration, which dis- 
appears on the addition of hydrochloric acid, or on 
boiling : in the latter case with formation of a red- 
brown turbidity. 

Nitrates and chlorates are unaffected by any of 
the general reagents mentioned in the table. 

(56.) Although nearly all of the acids react more 
or less characteristically with several reagents as 
above described, the following list of acids or salts, 
•with the tests by which their presence is more par- 
ticularly indicated or established, may prove useful 
to the student :— 



Chromates 

Nitrates 
Chlorates 

Carbonates 

Sulphides 

Sulphites 

Sulphates 

Chlorides 
Bromides 
Iodides 
Cyanides 

Phosphates 

Oxalates 
Tartrates 

Acetates 
Benzoates 

Borates 

Fluokides 

Silicates 



Reaction with sulphydric acid. 

Deflagration on charcoal, and reaction with sul- 
phuric acid. 

Effervescence with acids. 

Precipitation by chloride of barium. 

Precipitation by nitrate of silver. 

Precipitation by sulphate of magnesium. 
Precipitation by chloride of calcium. 

Reaction with perohloride of iron. 
Special tests. 
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In tlie paragraphs, 89 to 107, describing the several 
reactions of the individual acids, the order of the 
above list is adopted. 

2 VII.— SPECIAL SUBSTANCES. 

(57.) It being scarcely possible to give general 
rules that shall apply to every particular case, there 
yet remain for consideration certain compounds, the 
detection of which according to the directions of the 
preceding tables is impracticable, or difficult, or liable 
to fallacy. There are some few substances, for in- 
stance, which are insoluble in all ordinary menstrua, 
and which must consequently be submitted to special 
modes of treatment, so that they may be transformed 
into new and soluble combinations. Again, there are 
those compounds of barium, strontium, calcium and 
magnesium, which are precipitated by sulphide of 
ammonium along with the members of the second 
group, and which are known by the laboratory-name 
of earthy salts. There are also the oxides, or com- 
pounds without an acid, and the acids or compounds 
without a base other than hydrogen, together with 
two or three miscellaneous bodies. A few remarks, 
moreover, are appended on the examination of sub- 
stances in the dissolved or liquid condition, and on 
the solubility of the heavy metals in alkaline solu- 
tions. 

(58.) Insoluble Compounds. 

Many substances are known which do not dissolve 
in water or in any ordinary acid, or in any combina- 
tion of acids, even with the aid of heat. Among 
bodies of this class, the following are most likely to 
come under the notice of the student : namely, per- 
oxide of tin ; peroxide of antimony ; chloride, bro- 
mide, and iodide of silver ; the sulphates of barium, 
strontium, and perhaps lead ; chromic oxide; alumina 
and some aluminates ; with silica and some silicates. 
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Several of these bodies may be met with in the sohi- 
ble as well as the insoluble form, but the silver 
compounds and earthy sulphates are always alike in- 
soluble. Sulphate of strontium, however, though 
practically insoluble, dissolves sufficiently in water 
to form a solution in which the presence of sulphuric 
acid can be detected by the addition of a barium-salt. 
Again, sulphate of lead dissolves, though not very 
readily or to any great extent, in boiling hydro- 
chloric acid, forming a solution from which chloride 
of lead crystallizes out on cooling. For analytical 
purposes these more or less insoluble bodies may be 
classified into compounds of heavy metals easily re- 
cognizable before the blowpipe (a), and earthy com- 
pounds for whose satisfactory identification a further 
examination is required ((3). 

a. The insoluble compounds of tin, antimony, 
silver, and lead, when mixed with cyanide flux and 
heated on charcoal before the blowpipe, yield beads 
of metal distinguishable from one another by their 
appearance, texture, behavior with acids, and freedom 
from, or association with, incrustations of definite 
character {vide par. 26, h). The sulphuric acid of the 
insoluble lead compound may be recognized by boil- 
ing it with a solution of carbonate of sodium or of 
potassium, filtering, and testing the clear filtrate, with 
nitric acid and nitrate of barium, for the presence of 
any alkaline sulphate resulting from the decomposi- 
tion of the original sulphate of lead, thus: — 

PbSO, + Na^COj = Na^SO^ + PbCOj. 

The chlorine, bromine, or iodine of the insoluble 
silver compound may be detected by fusing the com- 
pound with a mixture of the carbonates of sodium 
and potassium in a small porcelain capsule or iroa 
spoon, and treating the resulting saline mass with 
sulphuric acid and peroxide of manganese, or the 
solution of the mass with nitric acid and nitrate of 
silver. By fusing the chloride, bromide, or iodide of 
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silver with carbonated alkali, tlie halogen is trans- 
ferred from the silver to the alkali metal, thus: — 

2AgCl + NajCOj = 2NaCl + Ag, + CO, + 0. 

Chromic oxide is known by its dull green color, 
by the bright green color it imparts to the borax 
bead, and by the yellow mass of alkaline chromate 
into which it is converted by fusion with a little nitre 
and carbonate of sodium. This mass may be dissolved 
in water, and to the yellow solution so formed the 
ordinary tests for chromic acid applied. 

p. The remaining insoluble and non-reducible com- 
pounds may be recognized by the following process. 
The substance in the state of a very fine powder, and 
mixed with three or four times its weight of the car- 
bonates of sodium and potassium, is fused for some 
time on a platinum capsule or on platinum foil, 
whereby a decomposition of the kind represented be- 
low is effected: — ■ 

BaSO, + Na,C03 =. Na^SO^ + BaC03 

Ai,(Si03)3 + 3Na,C0, = SNa.SiOj + Mfi, + SCO^. 

By boiling the fused mass in water and filtering, a 
clear solution is obtained containing a sulphate or 
silicate, and perhaps somealuminate of sodium; while 
an undissolved residue is left upon the filter consist- 
ing of alumina, or of carbonate of barium or stron- 
tium, or possibly of the carbonate or oxide of some 
other basylous metal, originally existing in the form 
of a silicate or aluminate. This residue, after being 
washed with water, is dissolved in dilute hydrochloric 
acid, and the resulting solution tested by the usual 
reagents, for aluminum, barium, strontium, and the 
basylous metals generally. 

The clear filtrate is acidified with hydrochloric 
acid, and a portion of it, refiltered if necessary from 
any deposit caused by the acidification, tested for sul- 
phuric acid by means of nitrate or chloride of barium. 
The remainder, whether or not turbid from the acidi- 
11 
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fication, must be evaporated to dryness, gently heated, 
and again acted upon with hydrochloric acid and 
water. Any undissolved gritty residue will consist 
of silica, which may be farther identified by fusion 
with a bead of carbonate of sodium before the blow- 
pipe; while any alumina contained in the hydrochlo- 
ric acid solution will be thrown down on neutraliza- 
tion with ammonia. 

(59.) Baethy Salts. 

These compounds being insoluble in water are 
precipitated unchanged from their acidulous solu- 
tions upon the addition thereto of any alkaline 
hydrate, carbonate, or sulphide ; whence their occur- 
rence among members of the second group of bases. 
Perphosphate of iron, which resembles the earthy 
salts in the behavior of its acidulous solution with, 
alkaline hydrates and carbonates, may be conve- 
niently associated with them, thus: — 



a. Iron ...;.. Phosphate 

Barium 1 f Phosphate 

B. Strontium \ \ Oxalate 

Calcium j ( Fluoride 

y. Magnesium ..... Phosphate 



The identification of the different compounds when 
separated from one another is easily eii'ected by the 
under-mentioned methods ; while the more difficult 
process for the detection of iron, calcium, magnesium, 
and phosphoric acid in presence of one another is 
described in Chapter IV. 

a. In the original acid solution, iron may be 
detected by sulphocianate or ferridcyanide of potas- 
sium; and phosphoric acid by molybdate of ammo- 
nium and nitric acid. After any excess of mineral 
acid, more than sufficient to keep the substance in 
solution, has been neutralized with ammonia, the 
addition of the acetate of ammonium produces a buff- 
colored precipitate of phosphate of iron, unless, in- 
deed, the ratio of phosphoric acid to iron is very small. 
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p. Barium and strontium maybe detected in the 
original solution by means of sulphate of potassium, -X 
and be distinguished by the different behavior of 
their salts, with hydrofluosilicic acid, or before the 
blowpipe. Calcium may also be detected in the 
original solution by the addition thereto of sulphate 
of potassium and proof spirit. The precipitated sul- 
phate of calcium may be collected on a filter, washed 
with proof spirit, dissolved in water, and the resulting 
solution tested with oxalate of ammonium. 

Phosphoric acid may be detected in the original 
solution by molybdate of ammonium and nitric acid. 

Oxalic acid is recognizable by the effervescence 
produced on adding dilute sulphuric acid and per- 
oxide of manganese to the original substance. Or it>'' 
may be detected by boiling the original acid solution 
with excess of carbonate of sodium, filtering, render- 
ing the filtrate slightly acid with acetic acid, and then 
adding chloride of calcium, when a white precipitate 
of oxalate of calcium will be ^Droduced^Moreover, 
like phosphate of iron, oxalate of calcium is thrown 
down from its original solution in 'hydrochloric acid 
by addition of acetate of ammonium. 

Fluorine may be detected by treating the original 
substance with sulphuric acid and silica {vide par. 106). 

y. Magnesium in any form is not precipitated from 
acid solutions by sulphate of potassium and proof 
spirit, or by acetate of ammonia ; but, in presence of 
phosphoric acid, is thrown down from its acid solu- 
tion by excess of ammonia as a white crystalline 
deposit of triple phosphate, which may be examined 
microscopically, and if necessary be dissolved in 
acetic or hydrochloric acid, so as to form a solution 
that may be submitted to further examination. 

(60.) Oxides and Sulphides. 

The oxides are generally recognized by their 
physical properties, and by their not answering to 
the tests for any of the acids. Peroxides when boiled 
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with hydrochloric acid, or with sulphuric acid and 
common salt, give off chlorine gas. The soluble 
hydrates or hydrated oxides are known by their 
alkalinity to test paper; by their effervescing not at 
all, or but very slightly, upon the addition of an 
acid ; and by their giving a brown precipitate with 
solution of the nitrate of silver. The solution of a 
hydrate is, moreover, distinguishable from that of a 
carbonate by the circumstance that an admixture 
with it of excess of chloride of barium does not affect 
its alkaline reaction. 

Such of the sulphides as are soluble only in nitro- 
hydrochloric, or in concentrated nitric acid, become 
by the action of the acid converted into sulphates. 
That the sulphuric acid did not, however, exist in the 
original substance, is shown by fusing this latter with 
carbonate of sodium, when the fused mass will afford 
the reactions of a soluble sulphide instead of those of 
a soluble sulphate. Some sulphides are extremely 
difficult to dissolve completely in acid, in consequence 
of the deposition of sulphur, which fuses round the 
unaltered substance, and prevents any action of the 
acid upon it. This is particularly the case with the 
sulphides of arsenic and mercury in their ordinary 
sublimed state. But these sulphides are easily recog- 
nized by their color, their volatility, and by their re- 
ducibility with conversion into sublimed metal, when 
heated with soda flux, for instance. 

(61.) Acids oe Salts of HYDKOGEisr. 

The ordinary solid acids are known by their solu- 
bility in cold or hot water to form strongly acid 
liquids, which effervesce with alkaline carbonates, 
are not precipitated by the several reagents for the 
metals, and do not evolve ammonia when heated with 
caustic potash. The boric and phosphoric acids yield, 
upon ignition, fusible residues of boric anhydride, 
and metaphosphoric acid respectively. 

The oxalic, benzoic, tartaric, and citric acids are 
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entirely dissipated by a prolonged heat, tlie two last 
furnishing an intermediate product of carbon. 

The liquid acids, namely, the sulphuric, nitric, 
hydrochloric, and acetic acids, are known by their 
liquidity, volatility, strongly-marked acid reaction, 
and, except the sulphuric, by their characteristic 
odors. They give only negative results when tested 
for bases. The sulphuric and nitric acids are easily 
recognized by their respective actions on metallic 
copper, and hydrochloric acid by its action on per- 
oxide of manganese {vide Chapter III.). 

Acid salts, such, for instance, as the acid sulphates, 
oxalates, and tartrates of alkali-metal or ammonium, 
manifest a strongly acid reaction to test-paper, and 
effervesce with alkaline carbonates. But they either 
evolve ammonia when treated with caustic potash, or 
leave a fixed residue upon ignition, which, in the 
case of the acid oxalates and tartrates, consists of 
alkaline carbonate. The acid salts of potassium react 
with perohloride of platinum, but not with tartaric 
acid, unless previously neutralized with soda. 

(62.) Miscellaneous Salts. 

Iodide of potassium solution reacts satisfactorily 
when treated with tartaric acid, but yields a dark 
brown liquid with perchloride of platinum. But 
after its iodine has been precipitated with excess of 
nitrate of silver, and the excess of silver with hydro- 
chloric acid, the filtered liquid yields with perchlo- 
ride of platinum the characteristic yellow precipitate 
of potassio-chloride of platinum. 

Calomel occurs as a heavy, white, volatile powder. 
It is readily soluble in concentrated nitric acid, but 
in the act of solution becomes converted into a mer- 
curic salt. That it was originally a mercurous salt 
is shown by the powder itself becoming black when 
agitated with potash-water. 

White precipitate, amido-chloride of mercury, 
or chloride of mercurammonium, is a mercuric com- 

11* 
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pound, readily distinguishable from calomel by heat- 
ing it gently with potash-water, whereby it becomes 
of an orange-yellow color, while ammoniacal vapors 
are given off. It is insoluble in water, soluble in 
nitric and hydrochloric acids, and dissipated by heat. 
The sulphides of arsenic, known as realgar and 
orpiment, are orange or yellow colored volatile solids. 
When boiled with nitro-hydrochloric acid, they are 
converted in great measure into arsenic acid, which 
may be obtained solid on evaporation. Its solution 
is precipitated very slowly by sulphuretted hydrogen, 
unless previously reduced by treatment with sulphu- 
rous acid. 

(63.) Liquid or Dissolved Substances. 

A few drops of the liquid are evaporated on a glass 
slip, and the residue, if any, examined microscopically. 
Should there be an appreciable solid residue, a fur- 
ther quantity of liquid may be evaporated down in a 
capsule, the vapor examined for its odor and reaction, 
and the residue submitted to ignition, &c., as described 
in pars. 25 and 26. 

The reaction of the liquid to test-paper is next as- 
certained. Among volatile liquids, water, alcohol, 
and ether are neutral ; ammonia, alkaline ; and the 
sulphuric, nitric, hydrochloric, and acetic acids, 
strongly acid. These several liquids are readily dis- 
tinguishable from one another by a few simple tests. 

Solutions which leave a saline residue on evapora- 
tion, and are perfectly neutral, will most probably 
prove to contain some salt of an alkali- or alkaline 
earth-metal ; salts of the heavy metals, with a few 
exceptions only, exhibiting a more or less marked 
acidity. 

Solutions which have an alkaline reaction, known 
by their turning rose paper green, turmeric paper 
brown, or reddened litmus paper blue, may contain 
the hydrate or sulphydrate of an alkaline earth-metal; 
or the hydrate, suljohydrate, carbonate, phosphate, 
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borate, or silicate of an alkali metal, or some heavy 
metal dissolved in excess of alkaline hydrate or car- 
bonate {vide par. 6-i). 

Solutions which have an acid reaction, known by 
their reddening blue litmus paper, may contain a 
free acid, an acid salt, or the normal salt of a heavy 
metal, in which last case the addition of even a drop 
of potash will most probably cause a precipitate. 

After the above preliminary examination, the so- 
lution may be tested according to the directions of 
Tables I., II., III., and Y.; or, in some cases, the 
evaporated residue may be dissolved in water or acid, 
and the solution so formed be employed by preference. 
The original solvent, if suspected to be other than 
Avater, may be distilled off, condensed in a receiver, 
and separately examined. 

(64.) Alkaline Solutions of Heavy Metals. 

The hydrates of barium, strontium, and calcium, 
like those of the alkali metals, are soluble in water. 
The hydrates of all other metals are insoluble, and 
consequently, precipitable by caustic alkalies. The 
hydrates of lead, chromium, aluminum, and zinc, are 
readily soluble in excess of potash or soda ; those of 
silver, copper, cadmium, nickel, cobalt, manganese, 
zinc, and magnesium readily, and those of chromium 
and iron (ferrous salts) sparingly soluble in excess of 
ammonia, esi^ecially in presence of neutral amraoni- 
acal salts; while those of bismuth, mercury, and iron 
(ferric salts), are insoluble in excess of either reagent. 
On boiling alkaline solutions of chromium, the whole 
of the chromic hydrate is reprecipitated. 

The hydrates of the metals tin, antimony, and arse- 
nic, whose sulphides are soluble in sulphide of am- 
monium, have no practical interest in analysis. The 
teroxide of arsenic is slightly soluble in water, and 
freely soluble in all alkaline liquids. The hydrate of 
antimony and both hydrates of tin are soluble in ex- 
cess of potash, while stannic hydrate is soluble also 
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in excess of ammonia. The potash solution of stan- 
nous hydrate is decomposed on boiling into metallic 
tin, which is deposited as a black powder, and stannate 
of potassium which remains dissolved. 

The precipitates produced by carbonate of ammo- 
nium in solutions of silver, copper, nickel, cobalt, zinc, 
and magnesium, are readily soluble in excess of the 
reagent, especially when chloride of ammonium is 
also present, while those of iron (ferrous salts) and 
chrome are sparingly soluble. The precipitates pro- 
duced in solutions of cadmium and manganese are 
insoluble in excess, as are also all those produced in 
solutions of metals whose hydrates are insoluble in 
ammonia. The precipitates produced by fixed alka- 
line carbonates are all insoluble in excess, except that 
produced in stannic salts, which dissolves in excess 
of the precipitant, and is again thrown down on ebul- 
lition. 



? VIII.— INDIVIDUAL BASES OP GROUP I. 

The reactions of the individual bases of this group 
may be conveniently realized by operating with the 
following substances : — 

Tin . . The crystallized proto-chloride and precipitated per- 
oxide. 

Aksenio . The white oxide. 

Antimony. The native tersulphide and tartar-emetic. 

BifcMDTH . The crystallized nitrate and precipitated oxide. 

Mekcuky . Corrosive sublimate, the red mercuric oxide, and the 
crystallized mercurous nitrate. 

Lead . . The oxide, carbonate, nitrate, and acetate. 

Silver . The nitrate and oxide. 

Copper . The sulphate and oxide. 

Cadmidm . The sulphate and carbonate. 

(65.) Tin. 

Tin salts are of two kinds, stannous or protosalts, 
represented by protochloride of tin SnClj, and stannic 
or persalts, represented by perchloride of tin SnCl^. 

u. When compounds of tin are heated upon char- 
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coa] with a mixture of carbonate of sodium and cya- 
nide of potassium, a globule of white malleable metal 
is produced with very slight, if any, incrustation. 
If this globule be hammered out, and dissolved in 
hydrochloric acid, the tests for stannous salts can be 
applied to the solution so formed. 

Stannous Salts. 

B. Sidphydric acid produces a brown precipitate of 
protosulphide of tin SnS, which dissolves in yellow 
sulphide of ammonium with conversion into persul- 
phide of tin SnSj, so that on adding an acid to the 
solution, a yellow and not a brown precipitate is 
separated. The protosulphide of tin first thrown 
down is converted by boiling nitric acid into a white 
insoluble powder consisting of stannic anhydride 
SnO,. 

j3. Solution of corrosive suhlimate, added carefully to 
stannous solutions, produces a white precipitate of 
calomel HgCl, which speedily becomes gray, and 
finally black, from its reduction to the state of me- 
tallic mercury. 

Stannic Salts. 

a. Sulphydric acid produces a yellow precipitate of 
disulphide of tin SnS,, which is insoluble in the car- 
bonate, but soluble in the hydrate and sulphide of 
ammonium, and reprecipitable therefrom on the addi- 
tion of an acid. It is likewise soluble in boiling 
hydrochloric acid, more readily on the addition of a 
little nitric acid also, and is converted by concen- 
trated nitric acid into a white insoluble powder of 
stannic anhydride SnO^. r 

(66.) Arsenic. 

Arsenious acid is convertible into arsenic acid by 
boiling it with concentrated nitric acid, to which a 
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little hydrochloric acid may be added with advantage. 
But in order to apply the various tests successfully, 
the acid liquid must be evaporated to dryness, and 
the residue dissolved in water. Arsenic acid is 
readily convertible into arsenious acid by the passage 
of sulphurous acid gas through its solution, or by 
heating it with sulphite of sodium and dilute hydro- 
chloric acid. 

a. Sulphydric acid produces, in acidulated solutions 
of arsenious acid, or of arsenic acid after the addition 
of sulphurous acid, a yellow precipitate of trisulphide 
of arsenic As^Sj, which is soluble in carbonate, hy- 
drate, and sulphide of ammonium, and reprecipitated 
on the addition of an acid. It is insoluble in boiling 
hydrochloric acid, but is readily dissolved by hot 
nitric or nitro-hydrochloric acid. 

|3. Nitrate of silver produces in neutral or slightly 
ammoniacal solutions of arsenious acid a yellow pre- 
cipitate of arsenite of silver Ag^AsOj, and from simi- 
lar, solutions of arsenic acid a brick-dust red precipi- 
tate of arseniate of silver Ag3AsO^. Both precipi- 
tates are soluble in excess of either ammonia or nitric 
acid. 

y. Sulphate of copper produces, in neutral or very 
faintly ammoniacal solutions of arsenious acid a grass- 
green precipitate of arsenite of copper HCu"As03, 
and in similar solutions of arsenia. acid a pale blue 
precipitate of arsenite of copper Cu"3(AsO_,),j. Both 
precipitates are soluble in excess of either ammonia 
or nitric or hydrochloric acid. 

&. When a compound of arsenic is mixed with 
soda-flux, and heated in a subliming tube, a steel- 
gray ring of reduced metal condenses in the upper or 
cool part of the tube. 

(67.) Antimoky. 

a. Sulphydric acid produces an orange-colored pre- 
cipitate of trisulphide of antimony Sb^S^, which is 
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insoluble in carbonate, but soluble in hydrate and 
sulphide of ammonium, and reprecipitalDle on the 
addition of an acid. It is also dissolved by hydro- 
chloric acid with the aid of heat, and is converted 
almost entirely by strong nitric acid into a white in- 
soluble powder, consisting of tetroxide of antimony 
Sb,0,. 

(3. Water, added to certain antimony solutions (not 
to all), produces a white precipitate of a basic salt of 
antimony, soluble in excess of tartaric, hydrochloric, 
or nitric acid. 

y. Antimony compounds, when fused with carbon- 
ate of sodium or charcoal in the reducing flame, yield 
a bead of brittle metal with an abundant bluish-white 
incrustation. If the heat be prolonged, the metal 
volatilizes entirely with the production of white 
fumes of teroxide of antimony Sb^Oj. 

(68.) Bismuth. 

a. Sidphydric acid produces a brownish-black pre- 
cipitate of trisulphide of bismuth Bi^S,, which is 
insoluble in sulphide of ammonium. It dissolves 
readily in hot nitro-muriatic, nitric, or hydrochloric 
acid. 

/5. Caustic alkalies give a white precipitate of hydrate 
bismuth BijOj.H^O, insoluble in excess of either pot- 
ash or ammonia. 

y. Water, wlien added to moderately-concentrated 
and not over-acid solutions of bismuth, causes a dense 
white precipitate of ak basic bismuth salt, which does 
not disappear on the addition of tartaric acid, but dis- 
solves in excess of nitric or hydrochloric acid. 

6. Bismuth compounds, when mixed with carbonate 
of sodium and heated upon charcoal in the reducing 
blowpipe flame, yield a brittle metallic globule and a 
yellow incrustation. 
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(69.) Mercukt. 

There are two classes of mercury salts, namely, the 
mercurous, represented by calomel HgCl, and the 
mercuric, represented by corrosive sublimate HgClj. 
Certain reactions are common to both, while others 
are distinctive between them. 

a. An excess of sulphydric acid produces a black 
precipitate of mercurous sulphide Hg^S, or of mercu- 
ric sulphide HgS, which is insoluble in sulphide of 
ammonium, and also in strong hot nitric and hydro- 
chloric acids taken separately, but is readily soluble 
in a mixture of the two. An insufficiency of sulphy- 
dric acid produces in mercuric salts a highly charac- 
teristic white precipitate of doubtful composition, 
which, as the proportion of gas increases, becomes 
orange, brown, and finally black. 

(3. Protochloride of tin produces at first a white pre- 
cipitate of calomel HgCl, which becomes in succession 
gray and almost black on adding more of the reagent 
and warming gently. If the supernatant liquor be 
poured off, and the deposit boiled with hydrochloric 
acid, globules of metallic mercury make their appear- 
ance. 

y. Mercury compounds mixed with carbonate of 
sodium, and heated in a reduction-tube, furnish a 
sublimate of well-defined mercurial globules. , 

Mercurous Salts. 

a. Potash and ammonia alike produce a black pre- 
cipitate, the former of mercurous hydrate Hg^O.HjO, 
the latter of some amido-mercurous comj^ound. 

*3. Hydrochloric acid produces a white precipitate of 
calomel HgCl, which dissolves in boiling nitric acid. 
It is turned black by ammonia, being converted into 
amido-mercurous chloride. 
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a MEECURIC SALTS. 

X . 

o. Potash gives a yellow precipitate of mercurio 
oxide HgO, wliich is turned white on the addition of 
ammonia, or in presence of an ammoniacal salt. Am- 
monia produces a white precipitate of some amido- 
mercuric compound. 

|3. Iodide of 2Mlassium, added carefully, produces a 
bright orange-red precipitate of mercuric iodide Hglj, 
which dissolves in excess of the reagent, forming a 
colorless solution. '^ "" 

(70.) Lead. 

a. Suljihydric acid produces a black (occasionally 
red) precipitate of sulphide of lead PbS, which is in- 
soluble in sulphide of ammonium, but dissolves when 
heated with not too concentrated nitric or hydro- 
chloric acid. Strong nitric acid converts it into a 
white insoluble deposit of sulphate of lead PbSO^. 

/3. Caustic alkalies give a white precipitate of hydrate 
of lead PbO.HjO, soluble in excess of potash. 

y. In moderately strong solutions, hydrochloric acid 
gives a white crystalline precipitate of chloride of 
lead PbClj, which is soluble in boiling water, unaf- 
fected by ammonia, and soluble in great excess of 
potash. 

8. Dilute sulphuric acidor a dissolved sulphate gives 
a dense white precipitate of sulphate of lead PbSO^, 
which is insoluble in dilute acids, soluble in strong 
hydrochloric acid with the aid of heat, and also in a 
large excess of potash. 

e. Lead compounds, when fused with carbonate of 
sodium and charcoal in the reducing blowpipe flame, 
yield a globule of soft metal and a brownish-yellow 
incrustation. 

12 
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(71.) SiLVEK. ~^ 

a. Sulphydric acid gives a black precipitate of sul- 
phide of silver Ag^S, insoluble in sulphide of ammo- 
nium, soluble in warm nitric acid, and converted by 
ebullition with hydrochloric acid into a white deposit 
of chloride of silver AgCl. 

3. Caustic alkalies give a brown precipitate of hy- 
drate of silver Ag.^O.H^O, which is insoluble in ex- 
cess of potash, but soluble in ammonia, forming a 
colorless solution. 

y. Hydrochloric acid gives in solutions of silver salts 
a white precipitate of chloride of silver AgCl, which 
is insoluble even in boiling nitric acid, but readily 
soluble in ammonia. The color of the precipitate 
changes to a slate-purple by exposure to light. 

S. Silver compounds, when fused with carbonate 
of sodium upon a charcoal support in the reducing 
blowpipe flame, yield a button of hard white mallea- 
ble metal, without any incrustation being formed on 
the charcoal. 

(72.) Copper. 

a. Sulphydric acid produces a dark -brown precipi- 
tate of sulphide of copper CuS, which is insoluble in 
sulphide of potassium, and but sparingly soluble in 
sulphide of ammonium. It dissolves readily in nitric 
but not in hydrochloric acid, save by an application 
of heat. 

/3. Potash gives a pale blue precipitate of hydrate of 
copper CuO.HjO, which is insoluble in excess, and 
converted by ebullition into black oxide of copper 
CmO.^ Ammonia gives a similar blue precipitate of 
hydrate of copper, which is soluble in excess of the 
reagent, forming a deep blue solution, the transparency 
of which is not affected by the addition of a moderate 
quantity of potash. The pale blue precipitate pro- 
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duced by carhonale of ammonium is also readily solu- 
ble in excess of the reagent, witli production of a deep 
blue liquid. 

y. Ferrocyanide of potassium gives a chocolate-co- 
lored precipitate of ferrocyanide of copper Cu^FeCyg, 
which is decomposed by caustic potash, and is then 
freely soluble in ammonia, forming a deep blue liquid. 

S. A piece of clean iron or steel dipped into an aci- 
dulated copper solution becomes coated with metallic 
copper, which may be dissolved off by the conjoint 
action of ammonia and air into a deep blue liquid. 

£. The borax bead heated with a particle of any 
copper-compound becomes blue or green in the oxi- 
dizing, and nearly colorless or reddish-gray in the 
reducing, flame. 

(73.) Cadmium. 

u. The precipitate of sulphide of cadmium CdS, pro- 
duced by sulphydric acid, is of a bright yellow color, 
and insoluble in sulphide of ammonium. It disap- 
pears readily on the addition of nitric or hydrochloric 
acid, and does not form in very acid solutions. 

p. Caustic alkalies give a white precipitate of hydrate 
of cadmium CdO-H^O, soluble in excess of ammonia, 
but not in that of potash. The precipitate produced 
by carbonate of ammonium does not disappear in ex- 
cess of the reagent. 

y. Cadmium compounds, fused with carbonate of 
sodium in the reducing blowpipe flame, give a red- 
dish-brown incrustation of oxitW of cadmium CdO, 
but no bead of metal. 

? IX.— INDIVIDUAL BASES OP GROUP II. 

The reactions of the individual bases of this group 
may be conveniently realized by operating with the 
following substances : — 
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Nickel . . The oxifle and sulphate. 

Cobalt . . The oxide. 

Manganese. The sulphate, chloride, and carbonate. 

Iron. . . The red and blaok oxides, the sulphate and sulphide. 

Zinc . . . The oxide and sulphate. 

Chkomu'm . The precipitated oxide and chrome alum. 

AniMiNHJi . The hydrate and sulphate. 

(74.) Nickel. 

Solutions of nickel are generally of a green color. 

a. jSuIphide of ammonium gives Avith nickel salts a 
black precipitate of sulphide of nickel NiS, not solu- 
ble in hydrochloric acid until after the addition of a 
drop or two of nitric acid. 

/3. Ammonia gives a slight greenish precipitate of 
hydrate of nickel NiO.H^O, soluV^Je in excess of the 
reagent, forming a violet-blue liquid, from which 
potash reprecipitates the green hydrate. Moreover, 
potash throws down this hydrate readily from all 
prdinary nickel solutions. 

y. In the reducing flame, nickel renders the borax 
bead purplish-gray and turbid, and in the oxidizing 
flame of a dark sherry color with a tinge of violet. 
If a fragment of nitre be added, and the bead again 
heated in the oxidizing flame, a well-marked purple 
color is produced. 

(75.) Cobalt. 

Cobalt solutions are pink when dilute, blue when 
concentrated. 

a. Sulphide of ammo?iium gives with cobalt salts a 
black precipitate of sulphide of cobalt CoS, not solu- 
ble in hydrochloric acid until after the addition of a 
few drops of nitric acid. 

j3. Potash gives a blue precipitate of prothydrate of 
cobalt CO. HjO, insoluble in excess of the precipitant. 
Excess of a'/n7H0W!'a, especially in presence of chloride 
of ammonium, produces a brownish-pink solution, 
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becoming brown and opaque on exposure to air, from 
the deposition of the insoluble sesquihydrate. 

y. Cobalt compounds impart to the borax bead, 
when heated in either flame of the blowpipe, a deep 
sapphire-blue color. 

(76.) Manganese. 

Manganese solutions are of a faint pink tinge, or 
altogether colorless. 

a. Sulphide of ammonium gives a buff-colored pre- 
cipitate of sulphide of manganese MnS, soluble even 
in acetic acid. 

p. Potash gives a white precipitate of prothydrate 
of manganese MnO.H^O, speedily becoming brown 
on exposure, from its conversion into the sesquihy- 
drate MUjOj-H^O. If to the solution of a manganous 
salt containing chloride of ammonium, an excess of 
ammonia be added at once, a clear colorless solution 
will be produced, quicky becoming brown and opaque 
when exposed to the air, from a conversion of the 
soluble proto- into the insoluble sesqui-compound. 

y. The borax bead with manganese is amethyst-red 
in the oxidizing, and nearly colorless in the reducing, 
flame. Its appearance is much interfered with by the 
presence of a trace of iron. 

5. Compounds of manganese, fused upon platinum 
foil with carbonate of sodium in the oxidizing flame of 
the blowpipe, either with or without the addition of 
a little nitre, yield a bluish-green fusible mass of 
manganate of sodium Na^MnO^. For this experiment 
but a very small quantity of the manganese com- 
pound should be employed. 

(77.) Ieon. 

There are two classes of iron salts, namely, ferrous 
or protosalts, represented by green vitriol FeSO^, 
and ferric or persalts, represented by sesquichloride 

12* 
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of iron FeCl, or Fe^Cl^. The protosalts are rarely 
ever free from some admixture with persalts. 

a. SulpJiide of ammonium gives a black precipitate 
of protosulphide of iron FeS, readily soluble in 
hydrochloric acid. The precipitate, when thrown 
down from ferric salts, is accompanied by free sul- 
phur., 

p. Iron compounds dissolve in the borax bead, 
forming a glass which is of a bottle-green color in 
the reducing, and of a yellowish-brown color in the 
oxidizing, flame. Ferrous compounds give the green, 
and ferric compounds the yellow, color most readily. 

FERROUS SALTS. 

Ferrous solutions are generally colorless, or of a 
pale green tint. 

a. Caustic alkalies give a dingy green precipitate of 
ferrous hydrate FeCH^O, which becomes red on ex- 
posure to air. The pure, nearly white prothydrate 
is sparingly soluble in excess of ammonia and chlo- 
ride of ammonium. 

/3. Ferrocyanide of potassium gives a pale blue pre- 
cipitate of double ferrocyanide of iron and potas- 
sium K^Fe^Cyg, which becomes dark blue on exposure 
to air. 

y. Ferridcyanide of potassium, gives a dark-blue pre- 
cipitate of ferridcyanide of iron FcjCyu, or Fe''^ 
Ye.J"Gj^^, insoluble in dilute acids and decomposable 
by caustic alkalies. 

FERRIC SALTS. 

Ferric solutions are generally of a yellow, brown, 
or red color. 

u. Caustic and carbonated alkalies alike give a brick- 
dust red precipitate of ferric hydrate Fe^Oj-HjO, ac- 
companied in the case of the carbonates by an evolu- 
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tion of carbonic acid. The precipitate is quite in- 
soluble in the hydrates of potassium and ammonium, 
and also in their respective carbonates at a boiling 
heat. 

p. Ferrocyanide of j^otasshim gives a deep blue-col- 
ored precipitateof sesquiferrocyanideof iron Fe,Cy,j, 
or Fe"3Fe"'^Cy,g, insoluble in dilute acids, and decom- 
posable by caustic alkalies. The ferridcyanide does 
not produce any precipitate, but gives to the ferric 
solution a color which is brown or red according to 
circumstances. 

y. SulpJiocyanate of potassium imparts to ferric solu- 
tions a deep red color, from the formation of ferric 
sulphocyanate 'FeCy3S3, or Fe(CyS)3. 

(78.) Zinc. 
Zinc solutions are usually colorless. 

o. Sulphide of ammonium gives a white precipitate 
of sulphide of zinc ZnS, which is insoluble in acetic, 
but readily soluble in hydrochloric, acid. Unlike 
most zinc precipitates, it is insoluble in any alkaline 
solution. 

3. Caustic alkalies give with solutions of zinc a 
white precipitate of hydrate of zinc ZnO.H^O, soluble 
in a large excess of the precipitant. Alkaline carbon- 
ates also give a white precipitate of a highly basic 
carbonate of zinc, insoluble in excess of the fixed alka- 
line carbonates, but soluble in presence of ammoni- 
acal salts. 

y. Zinc salts, heated on platinum foil, leave a fixed 
infusible residue, which is yellow when hot, white 
when cold. After being moistened with solution ot 
nitrate of cobalt, and reignited in the blowpipe flame, 
it assumes a fine green color. 

8. Zinc salts, mixed with carbonate of sodium or 
cyanide flux, and heated in the reducing blowpipe 
flame, deposit upon the charcoal an incrustation which 
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is yellow when hot, white when cold, and green after 
ignition with nitrate of cobalt. 

(79.) Chromium. 

Solutions of chromic salts are mostly of a green or 

violet color. 

o. Caustic alkalies, their s^i^Mdes or suljyhydrales, 
and carbonates throw down from chrome solutions a 
greenish precipitate of hydrate of chrome CrjOj.HjO, 
which is slightly soluble in excess of ammonia, more 
so in excess of potash, and in each instance repreci- 
pitable on boiling. Its production by sulphides and 
carbonates respectively is accompanied by an evolu- 
tion of sulphydric or carbonic acid. 

j3. Chrome imparts to the borax bead a fine green 
color, permanent in both flames of the blowpipe. 

y. When a chrome compound is fused on platinum 
foil with a little carbonate of sodium and nitre, a 
yellow mass of chromate of sodium Na^CrO^, is pro- 
duced, which dissolves in water to form a solution, 
giving with acetate of lead a yellow precipitate of 
chromate of lead PbCrO^. 

(80.) Aluminum. 

o. Caustic alkalies, their carbonates and sulphides or 
sul2^hydrates, give with aluminous solutions a white 
gelatinous precipitate of hydrate of aluminum 
AljOj.HjO, which is soluble in excess of potash, but 
reprecipitated on the addition of chloride of ammo- 
nium. The action of the carbonates and sulphides re- 
spectively is accompanied by an evolution of carbonic 
or sulphydric acid. 

/3. Salts of aluminum, when heated on charcoal or 
platinum foil, leave a white, infusible, highly incan- 
descent residue, which, when moistened with nitrate 
of cobalt solution and reignited in the blowpipe flame, 
assumes a bright blue color. 
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§ X.— INDIVIDUAL BASES OP GROUP III. 

The reaction of the individual bases of this group 
may be conveniently realized by operating with the 
following substances : — 

Barium . . The carbonate, nitrate, and chloride. 

Strontium . The carbonate and nitrate. 

Calcidm . . The hydrate, carbonate phosphate, oxalate, and sul- 
phate. 

Magnesium . The oxide, carbonate, and sulphate. 

Potassium . The nitrate and sulphate. 

Sodium . . The carbonate, sulphate, chloride, and phosphate. 

Ammonium . The sulphate, chloride, carbonate, phosphate, and 
oxalate. 

(81.) Barium, Strontium, Calcium. 

These three metals possess many properties in com- 
mon. 

a. Their hydrates MO.H^O or M(H0)2. are all 
soluble in water, so that the addition of caustic alkali, 
if perfectly free from carbonate, does not disturb 
their solutions. Their sulphides and sulphydrates 
are also soluble. j.i.S'i-v,. 

) /3. The following salts of these metals are insoluble 
in water, namely, the oxalates, phosphates, car- 
bonates (even in the presence of ammoniacal salts), 
and sulphates, sulphate of barium being the most 
insoluble, sulphate of calcium the least so. Hence 
neutral barium, strontium, and calcium salts are pre- 
cipitated by soltible oxalates, phosphates, carbonates, 
and sulphates. 

y. When a barium, strontium, or calcium salt is 
ignited on platinum foil, a white fixed residue 
remains, which, except in the case of the chlorides, 
is usually infusible. When moistened with solution 
of nitrate of cobalt and reignited, the infusible mass 
acquires an ill-defined gray color. ^ 
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(82.) Barium. 

a. Sulphuric acid and solutions of all sulphates, even 
when very dilute, give with barium salts a white pre- 
cipitate of sulphate of barium BaSO^, insoluble in 
acids and alkalies. 

&. HydroflMOsilicic acid produces in acid and neutral 
solutions a somewhat transparent precipitate of fluo- 
silicate of barium BaSiF„, the deposition of which is 
much facilitated by the addition of a little alcohol. 

y. Barium salts, when intensely heated before the 
blowpipe upon a fine platinum wire, impart a marked 
apple-green color to the flame. 

(83.) Strontium. 

i». Srdphuric acid and solutions of most s^dphates, 
give a precipitate of sulphate of strontium SrSO^, in- 
soluble in acids and alkalies, very sparingly soluble 
in water. Strontium salts are not precipitated by 
solution of sulphate of strontium, and very slowly by 
solutions of the sulphates of calcium and potassium. 

|3. Strontium salts when intensely heated before the 
blowpipe upon a fine platinum wire, impart a deep 
crimson color to the flame. 

(84.) Calcium. 

t». Sidphuric acid and strong solutions of sulj)hates 
give with moderately strong calcium solutions a 
white precipitate of sulphate of calcium CaSO,, slightly 
soluble in water, insoluble in proof-spirit. But dilute 
calcium solutions are not precipitable by any sulphate; 
while even strong solutions are not precipitable by 
the sulphates of strontium, calcium, and scarcely by 
that of potassium. 

/3. Oxalate of ammonivm produces in neutral calcium 
solutions a white precipitate of oxalate of calcium 
CaCp^, soluble in nitric and hydrochloric acids, in- 



MAGNESIUM — POTASSIUM, 143 

soluble in acetic and oxalic acids, and insoluble in 
ammonia. 

y. Calcium salts impart a fine orange-red color to 
the blowpipe flame. 

(85.) Magnesium. 

a. Sulpliydrate and sulphate of magnesium are 
soluble in water. Hence magnesian salts are not 
precipitated by soluble sulphydrates and sulphates. 

p. Hydrate, carbonate, oxalate, phosphate, and 
arseniate of magnesium, are insoluble in water. 
Hence magnesian salts are precipitated by soluble 
hydrates, carbonates, oxalates, phosphates, and arseni- 
ates. But all magnesian precipitates, excepting the 
phosphate and arseniate, are soluble in ammoniacal 
solutions. When phos'phate of sodium or ammonium 
is added to a solution of magnesium containing chlo- 
ride of ammonium and rendered alkaline by ammonia, 
a white crystalline precipitate of triple phosphate 
Mg(NH^)POj, is produced, which is soluble in dilute^ 
acids, insoluble in ammonia and ammoniacal si ' 
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y. Magnesian compounds, heated on chan 
jdatinum foil, leave a white fixed infusible 
which when moistened with nitrate of cobalt so 
and reignited in the blowpipe flame assumes a faiiTF 
pink color. 

(86.) Potassium. 

u. All simple potassium salts, except the acid- 
tartrate, are moderately soluble in water. Tartaric acid 
added in excess to the neutral or alkaline solution of 
a potassium salt throws down a white crystalline pre- 
cipitate of cream of tartar KHjC^O„, which frequently 
does not appear immediately. Its deposition is facili- 
tated by stirring the mixed liquids, and by the addi- 
tion of a liitle alcohol to them. It is soluble in 
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mineral acids, in hot water, and in a large excess of 
cold water. 

j3. Percliloride of platinum when added to neutral 
or acid solutions of potassium throws down a yellow 
crystalline precipitate of potassio-chloride of platinum 
K,PtCl„ or 2KCl.PtCl,. The solution should gene- 
rally be acidulated with a few drops of hydrochloric 
acid before being tested. The precipitate does not 
always appear immediately : its production is facili- 
tated by stirring, and by the addition of a little alcohol. 

y. Potassium salts when heated on charcoal or pla- 
tinum foil leave a fixed and generally fusible residue. 
When heated before the blow]5ipe they impart to the 
flame a marked violet color, which, however, is not 
recognizable in the presence of even a small quantity 
of sodium. 

(87.) Ammonium. 

o. All simple ammoniacal salts, except the acid 
ate, are freely soluble in water. Tartaric acid 
upon ammoniacal as upon potassium salts, 
suiting precipitate of acid tartrate of arnmo- 
NH^)HjC^05, is, however, more soluble in water 
the corresponding potassium compound, and 
misequently does not form, save when the ammo- 
niacal solution is moderately concentrated. 

• /3. Percliloride of platinum reacts upon ammoniacal 
salts to form the ammonio-chloride of platinum 
(NH.XPtCl,, or 2]SrH,Cl.PtCl„ which closely resembles 
the corresponding potassium compound in its appear- 
ance, solubility, and mode of deposition. 

y. When any ammoniacal salt is boiled with potas/j 
or lime^ ammoniacal vapor is given off, which is re- 
cognizable by its smell, by its action on test paper, 
and by its forming opaque fumes when brought into 
contact with the vapor of hydrochloric acid. 

&. All ammoniacal salts volatilize partly, most of 
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them entirely, when heated upon platinum foil or 
charcoal. 

(88.) Sodium. 

a. Sodium solutions are non-precipitable, all simple 
sodium salts being soluble in water. 

/3. Sodium salts when heated on platinum foil or 
charcoal leave a fixed residue, almost always fusible, 
and impart an intense yellow color to flame. 

? XL— REACTIONS OP INDIVIDUAL ACIDS. 

(89.) ClIKOMATES. 

Chromates are usually of a yellow or red color, 
and, except those of the alkali metals, are more or 
less insoluble in water. 

u. Chromates acidified with hydrochloric acid, and 
treated with sidphureiied hydrogen, yield a deposit of 
sulphur, and a green solution of chromic chlorirl-^, 
CrClj or Cr^Clg. The same compound is prc^'" ■■■ ' 
on boiling the solution of a chromate with Y 
chloric acid and a little alcohol. To it the or 
tests for chrome salts can be applied. 

?. Nilrate of silver gives a dark red precipitate of 
chromate of silver Ag^CrO^, soluble in nitric acid. 
Nitrate of barium and acetate of lead throw down 
yellow precipitates of the chromates of the respective 
metals. 

(90.) Nitrates. 

The nitrates are soluble or non-precipitable salts, 
which deflagrate when ignited upon charcoal or with 
organic matter. 

u. When a nitrate, or the concentrated solution of 
a nitrate, is gently heated with sul^ihuric acid and a 
13 
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Fig. 36. 




few co2J2yer turnings, brown fumes of peroxide of ni- 
trogen NjO^, are evolved, which redden, 
but do not bleach, litmus paper, and 
produce a purple coloration on starch 
paper moistened with iodide of potas- 
sium. 

j3. A solution of 2''i'otosuIphate of iron 
carefully poured upon suljohuric acid, to 
which a minute portion of a solid or 
dissolved nitrate has been added, pro- 
duces a deep brown halo at the junction 
of the two liquids, as seen in Fig. 36. 

y. When a minute quantity of gold-leaf 
is boiled in hydrocliloric acid, no action 
is produced; but, on the addition of a 
little nitric acid or a nitrate, the gold 
quickly disappears, and may be detected 

in solution by protochloride of tin, which gives rise 

to a purplish precipitate. 

(91.) Chlorates. 

bhlorates, like the nitrates, are soluble or non- 
stable salts, which deflagrate when ignited upon 
or with organic matter. 

•J.. Strong sulphuric acid added to a solid chlorate 
produces a brown coloration with crackling detona- 
tion, especially when gently warmed. The experi- 
ment should be made carefully, and with but a small 
quantity of the salt, for fear of an explosion and scat- 
tering of the acid. 

(3. The addition of some solid or dissolved chlorate 
io hydrochloric ac/f? enables it to bleach litmus and 
dissolve gold-leaf. Strong hydrochloric acid reacts 
with a moderate quantity of a solid chlorate to pro- 
duce a greenish-yellow gas known as euchlorine. 

y. Chlorates of alkali-metal, when heated alone, and 
other chlorates, when heated with carbonate of sodium 
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in a reduction tube, evolve oxygen, known by its in- 
flaming a piece of incandescent wood ; and leave a 
residue of alkaline chloride, recognizable by adding 
mtrateof silver to its solution previously acidified 
with nitric acid, when a white precipitate of chloride 
of silver is thrown down. 



Fig. 37. 



(92.) Carbonates. 

On adding hydrochloric or slightly diluted sulphuric 
and to a solid or dissolved carbonate, effervescence 
of carbonic anhydride CO^, 
is produced, either immedi- 
ately or on gently warming. 
The gas is free" from any 
marked smell, and does not 
affect lead paper, but turns 
lime water milky, from the 
precipitation of carbonate of 
calcium CaCOj. It may be 
tested by means of the appa- 
ratus shown in Fig. 37 ; or, 
being one and a half times as 
heavy as air, it may be gene- 
rated in one test tube, and 
then carefully poured into 
another containing some lime 
water, with which it is to be 
agitated. The lime water may 
be replaced by baryta-water 
or a solution of basic acetate 
of lead. 

|3. Soluble carbonates give 
precipitates with salts of silver, 
barium, calcium, &c. &c., which 
disappear with effervescence 
on the addition of any acid. 
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(93.) Sulphides and Sulphydeates. 

1* Most sulphides when acted upon by hydrochloric 
or moderately dilute sulphuric acid, especially on 
the application of heat, evolve sulphuretted hydro- 
gen, which is known by its oft'ensive smell, and by 
the brown or lustrous black stain it produces on lead 
paper. All sulphides, when fused with carbonate of 
sodium in a porcelain capsule, leave a residue which 
disengages sulphuretted hydrogen upon the addition 
of an acid. The residue, moistened with water, gives 
a black stain to silver coin, and a purple coloration 
with nitroprusside of sodium {vide »3 and y). 

/3. Soluble sulphides, including sulphide of hydro- 
gen, give with nitrate of silver a black precipitate of 
sulphide of silver Ag-,S, wViich does not disappear on 
the addition of cold nitric a,cid. They also produce 
a black stain on metallic silver, or acetate of lead 
paper. The precipitate of sulphide of lead PbS, 
thrown down from any dissolved lead salt, is not 
affected by dilute mineral acids, save on the applica- 
tion of heat. 

y. Nitroprusside of sodium produces a magnificent 
purple coloration with soluble sulphides, even when 
extremely dilute. The effect, however, is not ob- 
tained with sulphide of hydrogen until after the addi- 
tion of a drop or so of alkali. 

5. Many sulphides, when heated in a glass tube 
open at both ends, evolve sulphurous anhydride SOj. 
which is known by its smell of burning sulphur, and 
by its producing a purple stain on starch paper moist- 
ened with iodic acid. 

(94.) Sulphites. 

a. Hydrochloric or sulphuric acid causes an efferves- 
cence of sulphurous acid or anhydride SO^, known 
by its smell of burning sulphur, and by the purple 
coloration it gives to starch paper moistened with 
iodic acid. On the addition of a fragment of zinc, the 
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sulphurous is replaced by sulphydric acid, known by 
its effect on lead paper. Hyposulphites behave in 
a similar manner, except that the effervescence of sul- 
phurous acid is accompanied by a deposition of yel- 
low sulphur. 

|3. Perchloride of iron produces in neutral solutions 
a red coloration, which disappears on the addition of 
a strong acid, and is destroyed by boiling, with forma- 
tion of a brown deposit of ferric oxide. 

(95.) Sulphates. 

a. Nitrate or chloride of barium throws down an 
opaque white precipitate of sulphate of barium BaSO^, 
which does not disappear on the addition of hydro- 
chloric or nitric acid even at a boiling heat. But in 
presence of a large excess of nitric acid a portion of 
sulphate of barium remains in solution. The seleniate 
and silicofluoride of barium resemble the sulphate in 
being precipitable from acid solutions ; but, when 
boiled with strong hydrochloric acid, the seleniate 
dissolves with evolution. of chlorine, while the silico- 
fluoride, which is very transparent, dissolves, with 
the exception of a little silica. 

(96.) Chlorides. 

• o. Nitrate of silver produces a white clotty precipi- 
tate of chloride of silver AgCl, which becomes slate- 
colored on exposure to light. It is insoluble even in 
boiling concentrated nitric acid, but is readily soluble 
in ammonia. When heated in a porcelain capsule, it 
does not undergo decomposition, but simply fuses. 

/3. Chlorides, when heated with strong suljiihuric 
acid, save those of mercury, silver, and tin, evolve 
hydrochloric acid gas, known by its pungent smell 
and acid reaction. When heated with jjeroxide of 
manganese and sulphuric acid, chlorine gas is given 
off", recognizable by its irritant odor, green color, 
power of bleaching litmus, &c., and by the purple 

13* 
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stain it produces on a piece of starch paper moistened 
with iodide of potassium. 

(97.) Bromides. 

a. The precipitate of bromide of silver AgBr, pro- 
duced by nitrate of silver in solutions of bromides, 
closely resembles the chloride, except that it has a 
faint tinge of yellow and is less readily soluble in 
ammonia. 

P. Bromides when heated with strong sulphuric acid, 
with or without the addition oi jxroxide of manganese, 
evolve bromine, which is recognized by the red color 
and irritant smell of its vapor, by its bleaching lit- 
mus, and turning starch paper yellow. 

(98.) Iodides. 

o. The precipitate of iodide of silver Agl, produced 
by nitrate of silver in solutions of iodides, is of a pale 
yellow color, insoluble in, but turned white by, am- 
monia, and in other respects similar to the chloride. 

(3. A sufficiency of chloride of mercury produces a 
scarlet precipitate of iodide of mercury Hgl^; while 
acetate of lead throws down a yellow precipitate of 
iodide of lead Pbl^, somewhat soluble in boiling 
water, and deposited therefrom on cooling, in golden 
scales. 

y. Iodides when acted upon by strong sulphuric acid 
with or without |jeroxiffe of manganese, evolve iodine, 
known by its violet vapor, staining starch paper 
purple. 

S. A drop or two of chlorine water, or of nitric or 
preferably nitro-hydrochloric acid, added to a dis- 
solved iodide, causes a liberation of its iodine, which, 
if in any quantity, imparts a yellow-brown color to 
the liquid. But in presence of dilute starc-h paste, a 
deep purple color is developed ; and chloroform or 
disulphide of carbon shaken with the liquid becomes 
of a bright pink or crimson color. 
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(99.) Cyanides. 

a. Nitrate of silver throws down a white clotty pre- 
cipitate of cyanide of silver AgCl, not altered in color 
by exposure to light. It is readily soluble in am- 
monia, insoluble in cold, but soluble in boiling con- 
centrated nitric acid. 

The white precipitates produced by nitrate of silver 
in ferrocyanide and sulphocyanate solutions, and 
the brown precipitate produced in ferridcyanide 
solutions are insoluble in nitric acid. 

(3. When a mixture of ordinary sulphate of iron and 
potash is added to a simple cyanide, no obvious efl'ect 
is produced, but on acidification with hydrochloric 
acid the unaltered hydrates of iron are dissolved, and 
Prussian blue or sesquiferrocyanide of iron, Fe,Cy,3 
or Fe3"Cyj, Fe^"'Cy,2, is left as a deep blue precipi- 
tate. 

y. Cyanides, including cyanide of silver, when acted 
upon by yellow sulphide of ammonium, are converted 
into sulphocyanates MCyS^. After evaporating to 
dryness, to expel the excess of sulphide of ammo- 
nium, perchloride of iron gives a deep red coloration 
due to the production of ferric sulphocyanate Fe'" 

(CyS)3. 

(100.) Phosphates. 

a. Sulphate of Magnesium added to a phosphate so- 
lution rendered alkaline by ammonia, and containing 
chloride of ammonium, produces a white crystalline 
precipitate of phosphate of magnesium and ammo- 
nium Mg(lSrnj)PO^, readily soluble in acids. The 
formation of the precipitate is facilitated by rubbing 
the inside of the tube with a stirring rod. Chloride 
of barium or calcium produces in neutral or ammo- 
niacal phosphate solutions a white precipitate of phos- 
phate of calcium or barium, soluble even in acetic 
acid. 
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(3. Nitrate of silver added to a neutral or nearly neu- 
tral phosphate solution, produces a yellow (under 
certain circumstances white) precipitate of phosphate 
of silver AgjPO^, soluble in ammonia and dilute 
nitric acid. 

y. Per chloride of iron produces in phosphate solu- 
tions which are neutral, or acid only with acetic acid, 
a pale brown precipitate of phosphate of iron Ffe"'PO^. 
An excess of acetate of ammonium may be added to 
a solution of phosphate of magnesium or calcium in 
the smallest sufficient quantity of hydrochloric acid, 
whereby the free hydrochloric is replaced by free 
acetic acid. Then, on adding a drop of perchloride of 
iron, a deep red color, speedily changing into an 
opaque white cloud, is produced. On adding more 
perchloride of iron gradually, until the liquid remains 
permanently red, and afterwards boiling and filtering, 
a colorless filtrate is obtained, free alike from phos- 
phoric acid and iron, but containing chloride of cal- 
cium or magnesium. 

5. Excess of molyhdate of ainmonium added to a 
phosphate solution containing free nitric acid, pro- 
duces, either immediately or on gentle warming, a 
bright yellow precipitate of a phospho-molybdate of 
ammonium of uncertain composition. 

Except that the arseniate of silver is brick red in- 
stead of yellow or white, all the abdve described 
reactions apply equally to arsenic and phosphoric acids. 
Arsenic acid may, however, be got rid of by treat- 
ment of its solution with sulphurous acid and sul- 
phydric acid in succession, or by prolonged treatment 
with sulphydric acid alone {vide par. 66). 

(101.) Oxalates. 

Unlike most organic acids, save those which vola- 
tilize without decomposition, neither oxalic acid nor 
its salts become charred by the action of heat or strong 
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sulpliuric acid. They efl'ervesce with dilute sulphuric 
acid and peroxide of manganese. 

a. Oxalates soluble in water, or oxalates soluble in 
acid after the addition of acetate of ammonium, give 
with chloride or even sulphate of calckmi a white pre- 
cipitate of oxalate of calcium CaCjO^, insoluble in 
ammonia and in acetic acid, but soluble in dilute mine- 
ral acids. 

/3. Nitrate of silver and chloride of barium give with 
neutral oxalates white precipitates of oxalates of silver 
AgjCjO^, and oxalate of barium BaC^O^, respectively, 
soluble in dilute nitric, but insoluble or very spar- 
ingly soluble in acetic acid. 

(102.) Tartrates. 

Tartaric acid and tartrates, when ignited, evolve a 
peculiar odor, and leave an abundant charcoal. They 
become blackened when heated with strong sulphuric 
acid; whereas citric acid and the citrates acquire only 
a yellow color. 

a. Chloride of calcium produces in neutral tartrates 
a white precipitate of tartrate of calcium Ca"H^C^O„, 
soluble even in acetic acid. On heating the washed 
precipitate with aqueous potash, filtering the mixture 
and boiling the filtrate, a white turbidity is produced 
which disappears on cooling. Chloride of calcium 
does not precipitate neutral citrates in the cold ; but, 
upon boiling, a temporary white turbidity is pro- 
duced. 

|3. Nitrate of silver throws down from neutral tar- 
trates a white precipitate of tartrate of silver Ag^HjC^Og, 
soluble in dilute nitric acid and in ammonia, and de- 
composed on boiling, with blackening and reduction. 
Chloride of barium does not precipitate tartrates in the 
presence- of ammoniacal salts or free acid. 

y. Neutral tartrates of potassium, and of sodium 
and ammonium in presence of chloride of j^olassiurn, 
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yield, on acidificatiou with acetic acid, a white crys- 
talline precipitate of cream of tartar, or acid tartrate 
of potassium KIIjC^O^. -which deposits most readily 
on stirring, and is solu e in boiling water and n^ine- 
ral acids. 

(103.) Acetates. 

a. Perchhride of iron added to a neutral acetate 
produces a deep red color, from the formation of 
peracetate of iron Fe'"(H3C20j)3. The color is 
destroyed on the addition of a mineral acid, or on 
boiling; in the latter case with formation of an ochry 
deposit. 

(3. Nitrate of silver produces, in concentrated solu- 
tions only, a white precipitate of acetate of silver 
AgHjCjOj, soluble in hot water, in dilute nitric acid, 
and in ammonia. 

y. On warming a solid acetate, or its concentrated 
solution, with siilphuric acid, acetic acid is liberated, 
recognizable by its well-known smell ; but in presence 
of alcohol the fragrant vapor of acetic ether (C2Hj)H3 
C2O2, is evolved instead. 

(10-1.) Benzoates. 

Benzoates evolve the characteristic smell of benzene 
upon ignition, and yield a sublimate of benzoic acid 
when warmed with strong sulphuric acid ; but in 
neither case do they undergo much charring. 

o. Perchhride of iron gives with neutral benzoates 
a brownish yellow precipitate of perbenzoate of iron 
Fe"'(HjC,02)3, which dissolves completely in warm 
dilute hydrochloric acid forming a solution from 
which benzoic acid crystallizes out on calling. 

)3. Nitrate of silver gives a white clotty precipitate 
of benzoate of silver AgHjCjO^, soluble in hot water, 
in dilute nitric acid, and in ammonia. 
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(105.) Borates. 

Borate solutions have usually an alkaline reaction 
to test-paper. Several borates are sparingly soluble, 
but none of them insoluble in water ; whence dilute 
solutions of borates are non-precipitable. 

o. Alcohol added to a mixture of sulphuric acid and 
a borate, burns with a marked green flame, the color 
of which is best brought out on stirring the burning 
mixture. 

/3. The solution of a borate, acidified with hydro- 
chloric acid, has the property of turning turmeric 2M2^er 
of the brown color usually caused by alkalies. Even 
with dilute solutions the coloration becomes well 
marked on drying the paper. The acidification if 
not too dilute borate solutions is attended with the 
precipitation of boric or boracic acid lljBO^. 

(106.) Fluorides. 

a. Fluorides, when gently heated with strong sul- 
phitric acid, evolve hydrofluoric acid vapor HF, 
which becomes opaque in moist air, and has a very 
pungent, irritating smell. The experiment is best 
made in a platinum crucible, but should a test-tube 
or watch-glass be employed, its interior will after- 
wards be found corroded. When a piece of flat glass, 
covered with a layer of beeswax, through which some 
markings have been scratched, is exposed for a little 
while to the action of the vapor, the markings become 
permanently etched upon the glass, and even if very 
slight may be rendered evident by breathing up)on 
its well-polished surface. 

j3. Fluorides, mixed with silica or any silicate, and 
warmed with sulphuric acid, evolve gaseous fluoride 
of silicon SiF^, as a pungent, irritating gas, rendered 
opaque and acid by moist air, in consequence of the 
following decomposition : — - 

3SiF, -f SHoO = 2HjSiF5 + H^SiOj or HjO.SiOj. 
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Hence the wetted surface of a strip of glass, dipped 
into the gas, or the moist interior of a tube through 
which it is transmitted, as shown in Fig. 38, soon 
acquires an opaque coating of silica. 

y. The soluble fluorides of potassium and sodium 
give with chloride of calcium or chloride of barium a 
gelatinous white precipitate, soluble in hydrochloric 
acid, slightlj' soluble in ammoniacal salts, and scarcely 
at all soluble in acetic acid ; though, indeed, the pre- 
cipitated fluoride of calcium CaFj, or of barium BaF,, 
is often accompanied by some silicofluoride insoluble 
in hydrochloric acid. Fluor-spar, or native fluoride 
of calcium, is not readily soluble in hydroclilorio 
acid, but an available solution may be obtained by 
digesting the finely-powdered spar for some 
Fig- 38. time in the strong acid, and then boiling the 
mixture after dilution with water. 

(107.) Silicates. 

Silicates of potassium and sodium, when 
not containing an excess of silica, are solu- 
ble in water, but all other silicates are inso- 
luble. 

a. On acidifying the solution of a silicate 
of alkali-metal with hydrochloric acid com- 
plete decomposition takes place, most usually 
with precipitation of some silicic acid in the 
gelatinous form, while another portion re- 
mains dissolved in the acid liquid. Under 
certain circumstances, however, as when the 
silicate soluble is rather dilute, or when it is 
added at once to an excess of hydrochloric 
acid, there may not be any precipitation 
whatever. But in any case, upon evaporating down 
the clear acidified solution, the whole of the dissolved 
silicic acid separates out in the form of silica, which, 
after drying, is insoluble both in acid and alkaline 
solutions. The precipitate of gelatinous silicic acid 
is readily soluble in solutions of caustic alkali, and 
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even of carbonated alkali when gently warmed there- 
with ; but upon drying at a moderate heat, it becomes 
hard, gritty, and insoluble. 

p. Owing to the incompetency of silicic acid to 
form a salt with ammonia, chloride or carbonate of ammo- 
nium added to a dissolved silicate of alkali-metal pre- 
cipitates gelatinous silica, which separates more com- 
pletely on evaporation, at the same time becoming 
anhydrous. 

y. Carbonate of sodium fused before the blowpipe 
on a loop of platinum wire furnishes a bead which is 
transparent while hot, opaque when cold ; but a little 
silica added to the strongly heated bead dissolves 
therein with effervescence, and, if in sufficient quan- 
tity, renders it permanently transparent. 
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CHAPTER III. 

TOXICOLOGlCx\L CHEMISTRY. 

(108.) For the performance of tins part of the course, 
the student should be provided in succession with 
the principal poisons in the various forms in which 
they ordinarily occur in medico-legal practice. He 
must examine each poison in the several conditions 
in which it is presented to liim, and verify all its 
described reactions. The difl'erent poisons may be 
met with in the ordinary state in which they are 
sold ; dissolved in or diluted with water ; in various 
organic liquids, either the vehicles in which they 
were administered, or the contents of the stomach 
for instance ; mixed with solid food ; in the tissues 
of different organs, more particularly the liver and 
kidney ; and as stains upon clothing. They may be 
roughly classified into acid poisons, including the 
sulphuric, nitric, hydrochloric, and oxalic acids; 
metallic poisons, including compounds of mercury, 
lead, copper, arsenic, and antimony ; and organic 
poisons, including prussic acid, strychnia, and opium. 

i I.— SULPHURIC ACID. 

(109.) Concentrated. 

a. Appearance. Concentrated sulphuric acid, or 
oil of vitriol, occurs as a heavy, somewhat oily liquid, 
usually having a more or less marked brownish tint. 

(3. Volatility. A few drops of the acid, when 
cautiously heated upon a watch-glass, or on platinum 
foil, disappear entirely with the formation of opaque 
white acrid fumes. 
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y. Heat on admixture with water. Upon agi- 
tating a draulim or so of tlie strong aoiil with about 
an equal bulk of water, the temperature of the mix- 
ture rises very considerably, and the outside of the 
tube or other containing vessel becomes insupporta- 
bly hot to the hand. 

s. Charring organic matter. A piece of paper, 
wood, or sugar, dipped into the strong acid, speedily 
becomes blackened or carbonized. 

.. Evolution of sulphurous acid. Upon gently 
heating sulpliuric acid in a test tube witli some chips 
of wood, copper turnings, or mercury, a vapor having 
the peculiar suffocating smell of burning sulphur is 
evolved ; while a piece of starch-paper, moistened 
with iodic acid solution and held over the mouth of 
the tube, acquires a purple color, which, however, 
the prolonged action of the vapor ultimately causes 
to disappear. 

(110.) Diluted. 

a. Acid reaction, &C. Dilute sulphuric acid is 
entirely volatilizable by heat, has a marked acid 
reaction to test paper, and dissolves a fragment of 
carbonate of ammonium or sodium with rapid effer- 
vescence. 

)3. Charring after concentration. Marks upon 
paper made with the dilute acid appear simply wet, 
but become gradually black from carbonization, on 
carefully drying the paper over a stove or gas flame. 

y. Precipitation of sulphate of barium. Solu- 
tion of nitrate or chloride of barium throws down 
from dilute sulphuric acid a white precipitate of sul- 
phate of barium, not affected by the addition of nitric 
or hydrochloric acid. 

«. Recognition of sulphur in precipitate. 

The precipitate having been collected on a filter, is 
washed, dried, and intimately mixed with about an 
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equal quantity of black flux. The mixture is then 
heated to redness in a reduction tube or before the 
blowpipe, whereby a fused residue is obtained, from 
which hydrochloric acid causes an evolution of sul- 
phuretted hydrogen gas, recognizable by means of 
lead paper, to which it imparts a glistening black or 
brown discoloration. 

(111.) In ORGA^^c Liquids. 

o. Sulphuric acid contained in an organic liquid, 
such as coffee, beer, or the contents of the stomach, 
readily manifests all the above described properties 
of the dilute acid, except that of volatility. Should 
the liquid be viscid or turbid, it must be diluted 
freely with water or proof spirit, and strained 
through fine muslin, or, if practicable, filtered 
through paper. The filtrate is precipitable by 
nitrate or chloride of barium [vide 110); and upon 
being evaporated down, becomes more strongly 
acid, chars, and evolves sulphurous acid gas {vide 
109). Although, from the administration of anti- 
dotes in cases of sulphuric acid poisoning, the con- 
tents of the stomach or vomited matters may not 
exhibit any, or only a very slight acid reaction, they 
may, nevertheless, yield an abundant precipitate ot 
sulphate of barium. 

(112.) Stains on Clothing. 

a. The concentrated acid produces, upon black 
cloth, for instance, a brown stain with or without a 
red border; and the diluted acid a red stain, gradu- 
ally becoming brown. The stains remain moist for 
a long time, and in all cases the fibre becomes de- 
stroyed with greater or less rapidity. By treating 
the stained pieces with water, a solution of sulphuric 
acid is obtained, which manifests acidity to test paper, 
and yields a white precipitate with nitrate of barium. 
A portion of the stained stuff heated in a reduction 
tube evolves sulphurous acid, recognizable by its 
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smell, and by its reaction upon starch paper moist- 
ened witU iodic acid solution. 



§ II.— NITRIC ACID. 

(113.) Concentrated. 

u.. Appearance, Nitric acid when pure is color- 
less ; but when containing peroxide of nitrogen is 
straw-yellow or orange, and sometimes even green or 
blue. 

j3. Volatility. The concentrated acid when ex- 
posed to the air at ordinary temperatures gives oft' 
colorless or orange fumes, having a charactei'istic 
smell, and a strongly marked acid reaction. A few 
drops of the acid heated upon a watch-glass disappear 
without leaving any residue. 

y. Action on organic matter. A striji of flannel 
or other nitrogenized organic tissue dipped into strong 
nitric acid becomes stained distinctly yellow ; the 
color being rendered darker and browner by tiie 
subsequent action of caustic alkali. Black and 
colored cloths likewise become stained of a yellow 
color, and rapidly corroded by a strong acid. 

«. Action on metals. When nitric acid is gently 
warmed in a test-tube with a drop or two of mercury 
or a few copper-turnings, violent chemical action 
takes place, as evidenced by the solution of the 
metal, and the copious evolution of orange-brown 
vapors which redden but do not bleach litmus paper, 
and produce a purple coloration on starch paper 
moistened with iodide of potassium. 

f. Reaction with sulphate of iron. Nitric acid 
added to a cold moderately concentrated solution of 
sulphate of iron, produces a dark greenish-brown 
discoloration, which disappears on the application of 
heat with evolution of orange fumes. 

14* 
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?. Solution of gold. Gold leaf is unacted upon 
by boiling nitric acid, but upon the addition thereto 
of a little hydrochloric acid it undergoes rapid 
solution. 



(114.) Diluted. 

u.. Acid reaction, &c. Dilute nitric acid is com- 
pletely volatilized by heat ; has a marked acid re- 
action ; when evaporated from paper moistened with 
it, does not leave a black, but only a slightly yellow 
stain ; produces upon black cloth a stain, red at first, 
but ultimately yellow; and, if pure, gives no precipi- 
tate with solutions of chloride of barium and nitrate 
of silver respectively. When neutralized by the 
hydrate or carbonate of sodium, potassium, or 
barium, it is converted into a nitrate which may be 
obtained solid and crystalline by careful evaporation. 

(115.) Nitrates. 

a. Crystalline form. A drop or so of the aqueous 
solution of a nitrate heated slowly upon a glass plate 

until a solid margin ap- 
Fig. 39. pears round the edge of 

the liquid, yields upon 
cooling a well crystallized 
residue, which may be ex- 
amined by a pocket lens 
or the low power of a 
microscope. The potassi- 
um salt crystallizes in long 
fluted six-sided prisms, 
the sodium salt (Fig. 89), 
in rhombic plates, and the 
barium salt in octahe- 
drons. 

p. Deflagration with charcoal. A solid nitrate 
heated upon charcoal, or heated with charcoal pow- 
der on platinum foil, undergoes deflagration ; while a 
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piece of filtering paper moistened with the solution 
of a nitrate and dried, burns in the characteristic 
manner of touch paper. 

7. Evolution of peroxide of nitrogen. When 

a mi.\ture of a little powdered nitrate with a few cop- 
per filings is acted upon by sulphuric acid and gently 
warmed, orange-brown fumes are given off, which 
redden but do not bleach litmus paper, and produce 
a purple coloration on starch paper moistened with 
iodide of potassium. This experiment may be per- 
formed satisfactorily with less than one-tenth of a 
grain of nitre. 

s. Reaction with sulphate of iron. When 
a solution of sulphate of iron is poured carefully 
upon some sulphuric acid, to which a minute frag- 
ment of a nitrate has been added, or upon a cooled 
mixture of sulphuric acid with a little nitrate solu- 
tion, a deep greenish-brown halo is produced at the 
junction of the two liquids, as shown in Fig. 36. This 
test is also extremely delicate. 

f. Solution of gold. Gold leaf when boiled in 
hydrochloric acid remains unchanged, but upon the 
addition of a little nitrate becomes dissolved wholly 
or in part. To demonstrate the solution of the gold 
in the latter case, protochloride of tin may be added, 
which will give rise to a purplish precipitate or tur- 
bidity. 

(116.) In Organic Mixtures. 

a. Solid matters should be digested for some time 
in cold water, and the liquid filtered off. This method 
is applicable to stains on clothing, when not of too 
long standing. Viscid and turbid liquids are simply 
mixed with water and filtered. The suspected fil- 
trate is next tested with blue litmus paper, and if 
found to be acid, neutralized carefully with a solution 
of carbonate or hydrate of sodium, evaporated down 
to the crystallizing point, and set aside. If practi- 



164 nYDRocnLORic acid. 

cable, the resulting deposit may be collected, dried 
by pressure between folds of bibulous paper, dissolved 
in a little warm water, and the solution, filtered, if 
necessary, evaporated, and recrystallized. Lastly, the 
crystalline residue is to be examined microscopically, 
and by the several chemical tests mentioned in the 
preceding section. The acid reaction may be wanting 
in organic mixtures, tlirough a neutralization of the 
nitric acid originally administered. 



§ in.— HYDROCHLORIC ACID. 

(117.) Concentrated. 

a. Appearance. The pure solution is colorless, 
or of a scarcely perceptible greenish tinge ; but the 
commercial acid has frequently a bright yellow color, 
from the presence of perchloride of iron. 

3. Volatility. At ordinary temperatures the 
strongacid evolves colorless, almost transparent fumes, 
which have a marked acid reaction, a characteristic 
smell, and, in common with other acid fumes, become 
opaque upon admixture with ammoniacal vapor. The 
liquid acid heated on a watch-glass evaporates without 
leaving any residue. 

y. Action on organic matter. Most organic 
tissues are gradually corroded and tinged of a yellow 
color by immersion in the strong acid; but the stains 
produced on black cloth are at first distinctly red, 
and after some days reddish-brown. 

&. Want of action on metals. Hydrochloric 
acid, boiled with a little copper or mercury, simply 
evaporates, leaving the metal unchanged, or very 
nearly so. 

E. Evolution of chlorine. Peroxide of manga- 
nese, warmed with hydrochloric acid in a test tube, 
produces an abundant evolution of chlorine gas, re- 
cognizable by its greenish-yellow color and irritating 
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smell. It quickly bleaclies litmus paper, and pro- 
duces a purple coloration on starch paper moistened 
with iodide of potassium. 

(118.) Diluted. 

"i. Neutralization by carbonates, &c. Dilute 
hydrochloric acid is completely volatile, has a marked 
acid reaction, and dissolves most carbonates with 
effervescence, forming chlorides, which may be ob- 
tained in the solid state on evaporation ; the alkaline 
chlorides, and particularly chloride of sodium, crys- 
tallizing in cubical or stauroid forms. Chlorine may 
be liberated from the evaporated residue by the action 
of sulphuric acid and peroxide of manganese. 

P. Precipitation of chloride of silver. Solu- 
tion of nitrate of silver, added to hydrochloric acid, 
throws down a white clotty precipitate of chloride of 
silver, which subsides readily after brisk agitation, 
and by exposure to light acquires a gray or purplish 
color. One portion of the precipitate may be treated 
with ammonia, in which it will dissolve, and another 
portion boiled with nitric acid, by which it will be 
unaffected, while the remainder may be washed, 
dried, and ignited in a porcelain capsule, when it will 
fuse into a horny mass. 

(119.) In Organic Liquids ob Solids. 

a. Distillation, &c. The liquid having shown an 
acid reaction to test paper, may be strained or filtered 
if necessary, and then distilled nearly to dryness from 
a retort, or a flask to which a cork and delivery tube 
have been adapted, as in Fig. 40. The earlier por- 
tions of the distillate are usually little else than 
water, but the later portions should manifest all the 
properties of dilute hydrochloric acid. Solid sub- 
stances may be digested in distilled water, and the 
resulting solution examined with test paper and ni- 
trate of silver. If possible, a portion of the liquid 
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kIiouIJ be evaporated to thorough dryness, and the 
dissolved residue again tested with nitrate of silver 
to ascertain the absence or comparative absence of 
metallic chlorides. 




5 IV.— OXALIC ACID. 
(120.) Solid. 

a. Appearance, &C. Oxalic acid generally occnr.s 
in colorless, more or less well-defined four-sided 
prisms, which dissolve readily in boiling water to 
form a solution having; a marked acid reaction. 

p. Volatility without charring. A few crys- 
tals of the acid, when heated upon platinum foil, melt, 
evolve fumes, and disappear without leaving any car- 
bonaceous residue. 

y. Effervescence with manganese. A little 
peroxide of manganese, free from carbonates, when 
added to oxalic acid moistened with water, sets up an 
active effervescence of carbonic acid gas. 
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(121.) Dissolved. 

a. Crystalline form. One or two drops of the 
strongly acid liquid evaporated cautiously upon a 
glass plate until a solid white margin appears, yield 
on spontaneous cooling a 
crystalline residue of deli- fig. 41. 

cate, long flat prisms, as 
shown in Fig. 41. 

3. Precipitation of 
oxalate of silver. Ni- 
trate of silver produces in 
solution of oxalic acid, 
more abundantly after its 
neutralization or partial 
neutralization with am- 
monia, an opaque white 
precipitate of oxalate of 
silver, which is not discolored by ebullition, but may 
dissolve if the excess of oxalic acid be large, and is 
readily soluble in dilute nitric acid. The precipitate 
collected on a filter, washed, dried, and then ignited 
upon platinum foil, is dissipated with a slight explo- 
sion, leaving an inconsiderable pulverulent residue 
of metallic silver. 

y. Precipitation of oxalate of calcium. Solu- 
tion of sulphate of calcium added freely to aqueous 
oxalic acid, throws down a white precipitate of ox- 
alate of calcium, insoluble in acetic, but readily solu- 
ble in dilute nitric acid. By ignition, the precipitate 
is converted into carbonate of calcium, which dis- 
solves in acetic acid with effervescence. 

(122.) In Organic Liquids. 

u. Reaction to test paper, &C. The acid reac- 
tion is very decided even when the poison exists but 
in very small proportion. It is often necessary to 
filter the liquid, after previous dilution with water or 
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proof spirit, or at any rate to strain it througli mus- 
lin, before applying any reagent. 

(3. Precipitation of oxalate of lead. Solution 
of acetate of lead added to the strained or filtered 
liquid, throws down a precij)itate of oxalate of lead, 
either white or discolored by the organic matter pre- 
sent. The addition of the reagent is to be continued 
until it no longer produces a fresh precipitate. This 
point is easily ascertained by repeatedly testing the 
supernatant liquid, which separates readily after 
briskly agitating the mixture. 

y. Production of oxalic acid. The above pre- 
cipitate of oxalate of lead having been collected on a 
filter and thoroughly washed, is made into a thin 
magma with water, and treated with a current of 
washed sulphuretted hydrogen evolved from some 
such arrangement as that shown in Figs. 42 and 15, 

Fig. 42. 
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until the mixture, after agitation and standing at rest 
for a minute or so, smells strongly of the gas ; when, 
with or without previous warming, it is to be thrown 
on to a filter. The filtrate will be an aqueous solu- 
tion of oxalic acid, which will yield crystals on eva- 
poration, and manifest all the above-described reac- 
tions of the dissolved acid. 

«. Production of oxalate of ammonium. Or 

instead of treating the washed precipitate of oxalate 
of lead with sulphuretted hydrogen, it may be boiled 
for a short time with a small quantity of dilute sul- 
phuric acid, the mixture filtered, and the filtrate 
neutralized with ammonia. The resulting solution 
of oxalate of ammonium may be concentrated by 
evaporation and tested with nitrate of silver and sul- 
phate of calcium, when characteristic precipitates of 
the oxalates of silver and calcium respectively will 
be obtained. 

(123.) Insoluble. 

o. Oxalic acid is sometimes met with as a calcium 
or magnesium salt, owing to the exhibition of chalk 
or magnesia as an antidote. The insoluble white 
deposit, when boiled for some time with carbonate of 
sodium, yields a solution of oxalate of sodium, which 
after filtration and careful neutralization with dilute 
nitric acid, may be tested with nitrate of silver and 
sulphate of calcium respectively. It is recognizable 
also by effervescing upon treatment with peroxide of 
manganese and a dilute mineral acid. 



g v.— CORROSIVE SUBLIMATE. 

(124.) Solid. 

a. Appearance, solubility, &C. Corrosive sub- 
limate usually occurs as a heavy, white, glistening 
powder, turned black by sulphide of ammonium, 
yellow by potash, and scarlet by iodide of potassium. 
16 
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Boiled with a little water in a test-tube it undergoes 
speedy solution. 

/3. Volatility. A small portion of the powder, 
heated on charcoal or platinum foil, disappears com- 
pletely with production of opa([ue white fumes. 
Heated in a narrow tube it yields a white crystalline 
sublimate. 

y. Metallic reduction. When a little of the 
powdered salt, mixed with three or four times its 
bulk of recently calcined carbonate of sodium, is in- 
troduced into a thoroughly dry reduction tube, the 
mixture covered with some additional carbonate of 
sodium, and the heat of a spirit or gas-flame applied, 
first to the carbonate and then to the mixture, volati- 
lization of metallic mercury takes place, and a subli- 
mate of well-defined mercurial globules condenses in 
the cold part of the tube. 

s. Detection of chlorine in residue. The 

bottom of the tube containing the fused residue hav- 
ing been snapped off at a file-mark and boiled in 
water, the resulting solution may be acidulated with 
nitric acid and tested with nitrate of silver, when a 
white precipitate of chloride of silver will be formed, 
insoluble in nitric acid, but soluble in ammonia. 



Fig. 43. 



(125.) Dissolved. 

". Crystalline form. A little of the solution 

evaporated cautiously on 
a glass plate until a solid 
margin appears, and set 
aside to crystallize, fur- 
nishes a residue of slen- 
der opaque intersecting 
needles (Fig. 43), which 
afford the above-described 
reactions of the solid poi- 
son. 

P. Precipitation of sul- 
phide of mercury. Sul- 




Dissolved. 171 

phuretted hydrogen gas, or its aqueous solution, 
added to corrosive sublimate solution, produces at first 
a white turbidity, gradually becoming orange-Vjrown, 
and finally changing into a dense black precipitate of 
sulphide of mercury, which may also be thrown down 
by sulphide of ammonium. The washed precipitate 
is insoluble even in boiling nitric acid. 

y. Precipitation of oxide of mercury. Excess 
of potash or lime-water produces an orange-yellow 
precipitate of mercuric oxide, the filtrate from which 
may be tested for chlorine by means of nitrate of 
silver and nitric acid. 

«. Precipitation of iodide of mercury. Iodide 
of potassium produces, in corrosive sublimate solu- 
tion, an orange or scarlet precipitate of iodide of 
mercury, which disappears in excess of the precipi- 
tant, forming a colorless liquid. This reaction is 
very characteristic, though liable to be interfered 
with by the presence of various saline compounds. 

f. Reduction by a stannous salt. Protochlo- 
ride of tin, added to a solution of corrosive sublimate 
acidulated with hydrochloric acid, produces at first a 
white precipitate of calomel, which, on adding more 
of the reagent, becomes slate-colored, and finally 
almost black, from its conversion into metallic mer- 
cury. The precipitate subsides rapidly upon the 
application of heat ; afterwards the supernatant liquid 
may be poured off, replaced by hydrochloric acid, and 
heat again applied, when the originally bulky deposit 
will shrink into a few globules of liquid mercury 
having a highly characteristic aspect. 

f. Deposition on copper. A piece of thin cop- 
per foil or gauze immersed in the solution, previously 
diluted very considerably and acidulated with hydro- 
chloric acid, quickly acquires a silver-like coating of 
mercury. On heating the washed and dried piece of 
coated copper in a subliming tube, the mercury vola- 
tilizes, yielding a sublimate of metallic globules, 
while the copper resumes its original red color. 
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5j. Electrolytic test. When a few drops of tbe 
solution, preferably acidulated with hydrochloric acid, 
are placed on a sovereign or other piece of gold, and 
the coin touched through the liquid with a key or 
other steel instrument, a deposition of mercury takes 
place upon the gold at the point of contact, forming 
a silvery stain, which disappears upon the application 
of heat. 

(126.) In Organic Liquids and Solids. 

^. General processes. The strained or filtered 
liquid, acidulated with hydrochloric acid and gently 
warmed, may sometimes be treated with a solution of 
protochloride of tin, as above described; but the 
electrolytic test, and especially the test of metallic 
reduction upon copper, are in most cases much to be 
preferred. It is generally sufficient to prove the 
presence of dissolved mercury in an organic liquid, 
without taking the chlorine of the salt into considera- 
tion ; but occasionally the entire salt may be extracted 
by agitating the liquid with ether, evaporating the 
ethereal solution, and treating the residue with water. 
Organic solids, thoroughly broken up or otherwise 
finely divided, are boiled for an hour or so with 
dilute hydrochloric acid, and the solution tested by 
immersing in it a piece of clean copper ; or, if neces- 
sary, the copper may be boiled in the liquid for a 
considerable length of time. 

)3. Special process. After boiling the broken-up 
tissue with dilute hj^drochloric acid for an hour or so 
as above described, and filtering off the acid decoc- 
tion, the undissolved residue should be made into a 
thin paste with hydrochloric acid diluted with twice 
its bulk of water, and the mixture heated on a water 
bath. Then, from time to time, finely powdered 
chlorate of potassium is to be added little by little 
until the color of the undissolved substance is reduced 
to pale yellow tint, when the filtered decoction may 
be returned, the whole boiled for a few minutes, 
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allowed to cool, and filtered, the filtrate evaporated 
to a small bulk, again filtered if necessary, and 
treated with excess of washed sulphuretted hydrogen 
gas. The resulting sulphide of mercury, mixed with 
much sulphur, may be collected on a filter, washed 
with water, dissolved in hydrochloric acid, to which 
a minute quantity of chlorate of potassium has been 
added, the liquid evaporated to dryness, the residue 
dissolved in water, and the resulting solution of mer- 
curic chloride examined by any of the usual tests. 
This method is one of general applicability for the 
detection of metals absorbed into the tissues. The 
original precipitate produced by sulphuretted hydio- 
gen may in all cases be dissolved in hydrochloric 
acid, aided by the smallest sufficient quantity of 
chlorate of potassium as above described, the result- 
ing solution treated afresh with sulphuretted hydro- 
gen, and the precipitate then obtained examined for 
mercury, lead, copper, arsenic, antimony, bismuth, 
tin, &c. 

i VI.— LEAD. 

(127.) Solid Compounds. 

u.. Metallic reduction. Lead may be readily 
procured in the metallic state from substances con- 
taining it in moderate quantity. When a small por- 
tion of any lead compound, mixed with three or four 
times its weight of carbonate of sodium, is heated 
on charcoal in the reducing blowpipe flame, a malle- 
able metallic globule is soon produced, while the 
charcoal receives a yellow incrustation. The globule 
may be dissolved in dilute nitric acid, and the liquid 
tests applied to the solution so formed. 

(3. Carbonate of lead. This salt occurs as an 
opaque white powder, which melts and becomes 
yellow when heated, is turned black by sulphide of 
ammonium, is insoluble in water, but dissolves in 
dilute nitric acid with effervescence, forming a solu- 
tion to whicii the liquid tests for lead can be applied. 

15* 
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y. Acetate of lead.— Aspect, &c. Acetate of 

lead generally occurs as a heavy crystalline powder, 
of a white color, a peculiar sour smell, and a sweetish 
astringent taste. It is moderately soluble in distilled 
water, and forms a milky liquid with common water, 
containing sulphates or carbonates. Its solution 
when evaporated upon a glass plate yields opaque 
white prismatic crystals. 

s. Acetate of lead. — Reactions. The salt is 
turned of a black color by sulphide of ammonium, 
and of a yellow color by iodide of potassium. When 
heated in a reduction tube, it melts, resolidifies, 
becomes dark in color, gives out a smell of acetone, 
and leaves a carbonaceous residue containing very 
finely divided metallic lead. When heated in a test 
tube with sulphuric acid it gives off' the smell of 
acetic acid, convertible into that of acetic ether upon 
the addition of a little alcohol. Treated with solution 
of persulphate of iron it yields a white residue of 
sulphate of lead, and a dark red solution of peracetate 
of iron. 

(128.) Dissolved. 

a. Precipitation of sulphide of lead. Sulphu- 
retted hydrogen gas or its solution in water, when 
added to any solution containing lead, gives a black 
or dark brown precipitate of sulphide of lead, in- 
soluble in cold dilute hydrochloric acid, and unaffected 
by sulphide of ammonium. But in some cases, 
especially in presence of much chloride of hydrogen 
or iron, the precipitate comes down of a red color, 
and is then turned black by sulphide of ammonium. 

0. Precipitation of sulphate of lead; Dilute 
sulphuric acid produces an opaque white precipitate 
of sulphate of lead, insoluble in nitric acid, soluble in 
boiling and in a large excess of cold hydrochloric 
acid, and in a considerable excess of potash water. 
The precipitate is turned black by sulphuretted 
hydrogen or sulphide of ammonium. 
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y. Precipitation of iodide of lead. Iodide ot 
potassium added to the lead solution, whicli should 
be free from any great excess of free acid or alkali, 
throws down a bright yellow precipitate of iodide of 
lead, soluble in hot hydrochloric acid and in a large 
excess of potash water. It is also sparingly soluble 
in boiling water, and is reprecipitated on cooling in 
golden scales. 

(129.) In Organic Liquids or Solids. 

•J.. Organic liquids. The liquid, strained or filtered 
if necessary, and acidulated with a few drops of nitric 
or hydrochloric acid, is treated with a current of 
washed sulphuretted hydrogen, until it acquires a 
marked smell of the gas, persistent after agitation. 
The resulting black or dark brown precipitate is 
allowed to subside, collected on a filter, thoroughly 
washed with water, and boiled, until its color is 
destroyed, in nitric acid diluted with about four times 
its bulk of water. The solution so obtained, filtered 
if necessary and concentrated by evaporation, is then 
submitted to the action of the ordinary tests for dis- 
solved lead salts. 

(3. Organic solids. The tissue suspected to con- 
tain lead may be treated with hydrochloric acid and 
chlorate of potassium, as described in par. 116 |3. Or 
it may be dried in an oven, burnt in a capsule, and 
the resulting charcoal heated to dull redness for 
several hours until a gray ash is left, which must be 
dissolved in dilute nitric acid by the aid of heat. 
The solution of the ash is then to be treated with 
sulphuretted hydrogen, and the black precipitate 
further examined. 

i VII.— COPPER. 

(130.) Dissolved. 

a. Solubility, &C. Most salts of copper are solu- 
ble in water or dilute mineral acids, except the sul- 
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phide, wliicli, however, dissolves readily in strong 
nitric acid. The solutions whether aqueous or acidu- 
lous have a decidedly blue or green color. 

13. Precipitation of sulphide of copper. Sul- 
phuretted hydrogen or an allvaline sulphide throws 
down a dark brown precipitate of sulphide of copper, 
which is scarcely affected by treatment with cold 
hydrochloric acid, but dissolves readily in nitric acid, 
is partly soluble in ordinary sulphide of ammonium, 
but insoluble in sulphide of sodium or potassium. 

y. Formation of cuprammonium salt. Am- 
monia added carefully to a cupric solution produces 
a bluish white precipitate, which dissolves in excess 
of the precipitant, forming a deep purple-blue liquid, 
of highly characteristic appearance, save when very 
dilute, in which case it resembles the similarly con- 
stituted but strong ammoniacal solution of nickel. 
It is, however, distinguishable therefrom by means 
of caustic potash, which, unless added in very large 
proportion, does not disturb the transparency of the 
cuprous, but affords a pale green precipitate with the 
nickel solution. 

«. Precipitation of ferrocyanide of copper. 

Ferrocj^anide of potassium produces a gelatinous cho- 
colate precipitate of ferrocyanide of copper, insoluble 
in mineral acids. Potash changes it into a pale blue 
magma readily soluble in ammonia, forming a deep 
blue liquid. By these properties it is distinguished 
from the similarly colored precipitate of ferrocyanide 
of uranium. Ferrocyanide of nickel has a pale green 
color. 

.. Metallic precipitation on iron. A steel 
needle or piece of polished iron wire immersed in a 
feebly acidulated cupric solution soon acquires a 
coating of metallic copper, having its cliaracteristic 
red appearance. When the proportion of copper is 
very minute, the iron should continue immersed for 
several hours. Occasionally the deposit is not suffi- 
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cieut ill quantity to present the ordinary as))ect of me- 
tallic copper, but appears simply brown or black. 

f. Examination of metallic deposit. The 

coated wire, having been washed in water, is acted 
upon by a drop or two of ammonia when by exposure 
to air the copper gradually dissolves in the ammonia, 
forming a deep blue solution, in which, after acidifi- 
cation with acetic acid, ferrocyanide of potassium 
causes a chocolate red turbidity of ferrocyanide of 
copper. 

ri. Electrolytic test. When a few drops of an 
acidulated solution of copper are placed in a platinum 
capsule, and a piece of zinc foil introduced so as to 
touch the capsule through the liquid, metallic copper 
is quickly deposited upon the platinum, either with 
its characteristic appearance, or simply as a brown 
stain. The deposit can be examined with ammonia 
and ferrocyanide of potassium as above described. 
The process possesses no advantage over that with 
the iron wire. 

(131.) In Organic Liquids and Solids. 

a. Organic liquids. These, when containing any 
, appreciable quantity of copper, have usually a moi-e 
or less marked greenish tint. They may be acidu- 
lated with hydrochloric acid, and allowed to act upon 
clean iron wire as above described ; or the filtered 
acidulated solution may be treated with a current of 
sulphuretted hydrogen gas, and the resulting dark 
brown precipitate collected upon a filter, washed with 
water, and dissolved in dilute nitric or in strong 
hydrochloric acid. The acid solution evaporated 
nearly to dryness, and diluted with water, can then 
be examined by the usual tests. 

/?. Organic solids. These, when containing copper 
even in small quantity, acquire a deep blue color by 
immersion in ammonia. They may be cut into small 
pieces, boiled for some time in dilute hydrochloric 
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acid, and the resulting liquid, after being concentrated 
by evaporation, examined with a steel needle or a 
current of sulphuretted hydrogen gas (o). Or the 
tissue may be destroyed, either with hydrochloric 
acid and chlorate of potassium, as described in par. 
116 (3, or by incineration, as described in par. 119 ;3, 
and the residues further examined. 



2 VIII.— ARSENIC. 

(132.) Arsenioos Acid or Anhydride. 

a. Appearance. Commercial arsenious acid, white 
arsenic, or arsenious anhydride, usually occurs as a 
heavy white powder, but may be met with in trans- 
parent vitreous masses, or in opaque porcellanous 
masses, or in masses which are opaque externally 
and glassy in the centre. 

|3. Volatility. A minute quantity of the powder 
lieated on platinum foil volatilizes entirely with evo- 
lution of opaque white fumes; any fixed residue 
being due to impurity, probably sulphate of calcium. 
A little of the powder heated in a subliming tube 

also volatilizes, and de- 
Fig- 44. posits an iridescent subli- 
mate in the cool part of 
the tube. Or the volatili- 
zation may be effected in 
a short wide test tube, 
and the sublimate con- 
densed on a flat strip of 
glass held over the mouth 
of the tube. Upon exami- 
nation with a lens, the 
sublimate in the tube or 
on the glass will be seen 
to consist chiefly of octa- 
hedral crystals, as shown in Fig. 44, which do not 
polarize. 
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7. Action of sulphide of ammonium. When a 
drop or so of sulphide of ammouiuin is added to a 
little white arsenic contained in a watch glass, there 
is no alteration of color produced, but on applying a 
gentle heat, solution takes place, and on evaporating 
to dryness, a yellow film of sulphide of arsenic is 
left, soluble in alkalies, insoluble in hydrochloric acid. 

8. Solubility. Powdered white arsenic when agi- 
tated with water in a test tube, does not perceptibly 
dissolve, but remains partly as a film over the sur- 
face, partly in small aggregations at the bottom. This 
state of immiscibility, which is very characteristic, 
does not disappear even on prolonged boiling. By 
filtration, however, a clear aqueous solution of arse- 
nious acid is obtained. Moreover on adding a little 
potash or hydrochloric acid to the hot mixture of 
water and white arsenic, complete solution is very 
easily effected. 

f. Reducibility. A minute quantity of the powder 
sprinkled upon red-hot charcoal evolves scarcely 
visible vapors having a pe- 
culiar garlic-like odor. When 
a little white arsenic mixed 
with three or four times its 
bulk of dry soda-flux, pro- 
duced by the incineration of 
acetate of sodium with some 
additional charcoal, is intro- 
duced into a narrow reduc- 
tion tube of hard glass, made 
perfectly dry and warm, there 
is produced, on subjecting the 
mixture to the heat of a 
spirit flame, a sublimate of 
reduced arsenic which con- 
denses in the upper cool 
part of the tube in the form 
of a metallic ring, as shown 
of the actual size in E'ig. 45. 



Fig. 45. 
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Or a minute quantity of white arsenic may he placed 
in the reduction-tube, covered with a considerable 
thickness of powdered charcoal, and heat applied 
from above to below, so that the arsenic may volati- 
lize through the red-hot charcoal, when a ring of re- 
duced metal will appear as before. 

?. Characters of the metallic ring. The arse- 
nical ring is characterized as follows : a. By its lus- 
trous steel gray appearance. Should it present an 
opaque brownish-black color, its proper aspect may 
be brought out by the cautious application of heat, 
when the characteristic metallic gray ring will re- 
main, and a more volatile dark-colored compound of 
arsenic be volatilized. The interior surface of the 
metallic sublimate, rendered visible by breaking the 
tube, presents a crystalline appearance, h. By its 
volatility. Upon heating the sublimate to a tempera- 
ture considerably below redness, it may be readily 
volatilized from one part of the tube to another. 

c. By its conversion into arsenious anhydride. After 
repeated volatilizations up and down the tube, the 
ring of metal is gradually replaced by a ring of iri- 
descent crystals of white arsenic, shown by a lens to 
consist of variously modified octahedrons. These 
may be boiled in a small quantity of water for some 
time, when a solution of arsenious acid will be formed, 
to which the ordinary liquid reagents can be applied, 

d. By its conversion into arsenic acid. The ring of 
metal, when warmed with a drop or two of nitro- 
muriatic acid, disapjDears, and on evaporating to dry- 
ness, a residue of arsenic acid is left, which may be 
dissolved in water, and tested with nitrate of silver 
solution, when a brick-red precipitate of arseniate of 
silver will be produced. 

(133.) Dissolved. 

«. Reaction, &C. The aqueous solution of arse- 
nious acid is clear, colorless, tasteless, inodorous, and 
has a faintly acid reaction to test-paper. Whenevapo- 
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rated upon a glass plate, it leaves a white residue of 
minute octahedral non-polarizing crystals, which may 
be volatilized by a further application of heat. 

(3. Precipitation of arsenite of silver. Ammo- 
nio-nitrate of silver, added to aqueous arsenious 
acid, throws down an opaque yellow precipitate of 
arsenite of silver, soluble in ammonia and in dilute 
nitric acid. The reagent is made by adding a weak 
solution of ammonia drop by drop to a strong solution 
of nitrate of silver, until the brown precipitate at first 
produced is just redissolved. 

y. Precipitation of arsenite of copper. Am- 

monio-sulphate of copper, added to aqueous arsenious 
acid, produces a light green precipitate of arsenite of 
copper, soluble in ammonia and in dilute acids. 
When collected on a filter, washed, dried, and heated 
in a reduction tube, it yields a crystalline sublimate 
of arsenious anhydride. Ammonio-sulphate of cop- 
per is made by carefully adding ammonia drop by 
drop to a somewhat dilute solution of sulphate of 
copper, until the precipitate at first produced is nearly 
redissolved. 

8. Precipitation of trisulphide of arsenic. 

When a current of washed sulphuretted hydrogen 
gas is passed through a solution of arsenious acid 
acidulated with hydrochloric acid, an abundant bright 
yellow precipitate of arsenious sulphide or orpiment 
is produced. Sulphide of ammonium does not give 
any precipitate with aqueous arsenious acid until 
some other acid is added ; while sulphuretted hydro- 
gen produces only a yellow discoloration. 

f. Characters of the above precipitate. The 

yellow precijjitate may be collected on a filter, washed 
with water, and tested as follows. Boiled with hy- 
drochloric acid, it does not perceptibly dissolve, but, 
on the addition thereto of a little nitric acid, disap- 
pears with the formation of red fumes, a globule of 
melted sulphur frequently remaining undissolved. 
16 
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Treated with sulphide, hydrate, or carbonate of am- 
mpnium, it undergoes solution, and is again thrown 
down by the addition of hydrochloric acid. Dried 
and heated in a reduction tube, it sublimes unchanged 
or nearly so. Dried and heated in a reduction tube, 
after thorough mixture with four or five times its 
bulk of soda-flux, it yields a sublimate or ring of 
reduced metal. 



Fig. 46. 



(134:.) Marsh's Test. 

o. Nature of process. When a substance con- 
taining arsenic is acted upon by nascent hydrogen, 
usually developed by the reaction of metallic zinc 
and dilute sulphuric or hydrochloric acid, a gaseous 
compound of arsenic and hydrogen, known by the 

name of arsenetted hy- 
drogen, is given ofi'. 
This gas may be gene- 
rated in any ordinary 
form of hydrogen-appa- 
ratus ; even the adapta- 
tion to one another of 
a flat-bottomed vial, per- 
forated cork, and piece 
of glass tube either 
straight or bent, accord- 
ing to circumstances, 
and drawn out to a 
moderately fine point, 
will answer the purpose. 
The arrangement shown 
in Fig. 47 is in some 
cases very convenient; 
while in others, the ori- 
ginal bent tube devised 
by Marsh may be most 
advantageously employ- 
ed. It may be made 
quite plain, as in Fig. 46, or be provided with a 
couple of large strong bulbs, one in the upper part 
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of the long, and ono in the lower part of tlie short 
limb. This short limb is furnished with a movable 
stopcock, into which is screwed either a short jet, 
for burning the issuing gas, as shown in the figure, or 
an elbow, to which a horizontal piece of glass tubing 
may be readily adapted. Arsenetted hydrogen is 
identified by its property of yielding deposits of 
metallic arsenic, either upon imperfect combustion, 
as originally pointed out by Marsh, or by exposure 
to a dull red heat, as recommended by a committee 
of the French Academy. 

(135.) Original Marsh's Process. 

When it is intended to obtain deposits by an im- 
perfect combustion of the gas. Marsh's apparatus 
(Fig. 46) is usually employed in the following manner. 
The stopcock being removed, a piece of stout glass 
rod is carefully dropped into the shorter limb of the 
tube. It should be sufficiently small to reach the 
bend, but not small enough to pass into the longer 
limb: a glass stopper will often answer the purpose 
extremely well. Two or three compact lumps of 
metallic zinc are then let fall upon the piece of glass, 
the open stopcock replaced, and cold diluted sulphuric 
acid, in the proportion of about one part of acid to 
six or seven of water, poured into the longer limb ; 
so that when the liquid is level in the two linabs, 
there may yet remain some little free space beneath 
the stopcock. The dilute acid is allowed to act upon 
the zinc for a few minutes, and the stopcock then 
closed, whereby the shorter limb becomes gradually 
filled with hydrogen gas, the acid being gradually 
driven up into the longer limb. The stopcock is then 
opened, and the issuing hj^drogen quickly inflamed. 
It ought to burn with a scarcely visible flame, which 
should not produce a deposit or even a discoloration 
upon a piece of clean glass or porcelain momentarily 
depressed upon it. As soon as all the hydrogen is 
driven out of the shorter limb by the descending acid, 
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the stopcock is reclosed while another accumulation 
of gas takes place, which is then released, inflamed, 
and examined as before. Or the issuing gas, without 
being inflamed, may be allowed to impinge on paper 
moistened with nitrate of silver solution, which should 
not thereby acquire any discoloration. When, after 
several examinations, the purity of the hydrogen, and 
conseciuently of the materials used to generate it, has 
been satisfactorily ascertained, the arsenical liquid is 
introduced and the experiment repeated. 

a. Appearance of flame, &c. The hydrogen 
gas subsequently evolved is contaminated to a greater 
or less extent with arscnetted hydrogen, and produces 
a metallic-looking discoloration upon paper moist- 
ened with nitrate of silver solution. It burns with a 
bluish flame, and evolves a white smoke of arseuious 
anhydride. 

p. Reactions of the smoke. The smoke or vapor 
may be tested by holding over the summit of the 
flame a piece of porcelain moistened with ammonio- 
nitrate of silver, when a yellow turbidity due to 
arsenite of silver will make its appearance; or by 
inclosing the flame more than once if necessary by 
a short wide test-tube moistened on its interior with 
water, v/hereby a weak solution of arsenious acid 
will be formed, which may be tested with sulphu- 
retted hydrogen, or other appropriate reagent. 

y. Formation of deposit. When a piece of clean 
glass, porcelain, or talc is momentarily depressed 
upon the flame so as to cut off about two-thirds of 
its height, there is produced upon the cold surface a 
dark stain or deposit which is constituted of three 
products, in the centre of metallic arsenic, in the ex- 
terior of arsenious anhydride, and in the intermediate 
zone of a compound considered to be a suboxide of 
arsenic. That the stain is really arsenical is shown 
by its possessing the following characters: a. Metallic 
brilliancy. The lustrous appearance of the arsenical 
stain is best seen on its free surface, but is recogniz- 
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able through the glass, h. Hair-brown color. This 
color appertains particularly to slight stains, and to 
the intermediate portion of larger stains, in which 
last it is best manifested by means of transmitted 
light, c. Volatility. The arsenical stain disappears 
readily on the application of a heat considerably 
below redness ; this property of volatility is very 
evident when the stain has been produced on a thin 
plate of talc. During its volatilization the metallic 
arsenic becomes converted into arsenious anhydride. 
d. Solubility in chloride of lime. When the arsenical 
stain is warmed with a few drops of bleaching liquid, 
complete solution speedily takes place. For the ap- 
plication of this test it is convenient to produce the 
stain on the interior of a watch-glass, e. Non-solu- 
bility in cold disulphide of ammonium. The arsenical 
stain is not perceptibly affected by treatment with a 
drop of yellow sulphide of ammonium solution. 
But on heating to dryness, a bright yellow stain of 
orpiment is produced, containing a dark nucleus of 
undissolved metallic arsenic. (Guy.) /. Conversion 
into arsenic acid. The arsenical stain disappears 
completely when gently warmed with a drop or two 
of nitric or nitro-muriatic acid. By evaporating to 
dryness, a slight residue of arsenic acid is left, recog- 
nizable by its ready solubility in a drop of water, so 
as to form a solution in which nitrate of silver pro- 
duces a brickdust-red turbidity. 

(136.) Modified Marsh's Process. 

Marsh's apparatus may also be used for generating 
arsenetted hydrogen when it is intended to decom- 
pose the gas by extraneous heat. In this case the 
jet of the stopcock is unscrewed and replaced by a 
metal elbow, to which a horizontal piece of narrow 
hard glass tubing is adapted. But some such appa- 
ratus as that shown in Fig. 47 is on the whole to be 
preferred. It consists of a small flask furnished 
with a cork througli which passes a long funnel tube, 
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and a short wide rectangular tube, loosely plugged 
with a little cotton wool, and connected by means of 
a perforated cork with a long horizontal piece of 
narrow hard glass-tubing, bent downwards at its ex- 
tremity so as to dip into a solution of nitrate of silver. 
The apparatus is charged with pure zinc and dilute 
sulphuric acid, so as to cause an evolution of hydrogen 
gas, which passes through the cotton wool, where it 
deposits any mechanical impurities, along the hori- 
zontal tube, and into the silver solution. Daring 
the transmission of the gas, the flame of a spirit lamp 
is applied steadily to some particular part of the 
horizontal tube, and if after a little time there is not 
produced any deposit within the tube, or precipitate 
in the silver solution, the materials are known to be 
pure, and the arsenical liquid may be introduced. 

u.. Decomposition by heat. The resulting arse- 
netted hydrogen is decomposed in its passage through 
the heated portion of the tube, and deposits a steel- 
gray ring of metallic arsenic at some little distance 
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beyond the flame. The ring may be identified by its 
appearance, its position at a little distance beyond the 
flame, its volatility, its conversion into arsenious an- 
hydride by repeated sublimations, and its conversion 
into arsenic acid by treatment with nitro-muriatic 
acid and evaporation to dryness. 

p. Decomposition by nitrate of silver. Any 

arsenetted hydrogen that may escape decomposition 
by the flame, or that may be purposely allowed to 
escaped, is arrested by the nitrate of silver solution, 
with formation of a black deposit of metallic silver. 
On the termination of the experiment, the excess of 
silver may be precipitated with hydrochloric acid, the 
filtrate evaporated to dryness, and the residue of arse- 
nic acid dissolved in water and tested with the usual 
reagents. 

(137.) Reinsch's Test. 

This test is particularly useful for the detection of 
arsenic in organic liquids or solids. The suspected 
liquid is simply acidulated with about one-eighth ,of 
its bulk of pure hydrochloric acid, and boiled. The 
solid tissue is cut up into very small pieces and boiled 
for some time in a mixture of about one part of hy- 
drochloric acid with six of water. 

a. Deposit on copper. A small piece of clean 
copper foil, or preferably of fine gauze, is introduced 
into the hot acidulated liquid, and the boiling con- 
tinued for a period varying from a few minutes to a 
quarter of an hour or longer. Should the copper 
acquire a gray metallic discoloration, other pieces 
thereof may be added from time to time, and the supply 
continued so long as the last added piece assumes any 
perceptible alteration in color. 

|8. Character of deposit. The pieces of coated 
foil or gauze are removed from the liquid, washed in 
water, and dried between folds of bibulous paper. 
The deposit unless very thick adheres fii'mly to the 
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subjacent copper, presents a well-marked metallic 
lustre, and has a dark steel-gray color, or, if very thin, 
a somewhat bluish tint. On the application of heat 
it disappears entirely, while the copper resumes its 
ordinary appearance. 

y. Crystalline sublimate. A piece of the coated 
copper, held between the fingers, is warmed over a 
flame, coiled up to a small bulk, and introduced into 
an ordinary reduction tube (Fig. 45). The heat of a 
small spirit flame is then carefully applied, at first a 
little above the coil, and afterwards to the coil itself, 
whereby the arsenic is volatilized, oxidized, and con- 
densed in the cool part of tlie tube as a crystalline 
sublimate. If necessary, several pieces of coated 
copper may be thus heated successively in the same 
tube until a sufficiently obvious sublimate of arsenious 
anhydride is produced, which, when examined by a 
lens or the low power of a microscope, will exhibit 
highly iridescent octahedral forms. A small piece of 
tufjing open at both ends, one of which is drawn out 
to a long, almost capillary, termination, as shown in 
Fig. 4S, is convenient for volatilizing a very slight 

Fig. 48. 



deposit. The coated foil having been introduced and 
tilted down to the shoulder the tube is sealed by the 
blowpipe at the point a, and the resulting cylindri- 
cal bulb containing the foil heated in a spirit-flame, 
from its capillary shoulder backwards to its sealed 
extremity, whereby a crystallized ring becomes con- 
densed in the capillary projection at h. 

h. Reactions of the sublimate. By means of a 
couple of file-marks, the short length of tubing con- 
taining the sublimate may be broken ofi' from the 
two ends of the tube, and the sublimate itself be 
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acted upon hy reagents. Moistened witli sulphide of 
ammouium solution and dried in a water-batb, it 
yields a yellow residue of orpiment. Moistened with 
a mixture of nitric and a little hydrochloric acid and 
evaporated to dr3'neps, it leaves a slight residue of 
arsenic acid, which produces a red turbidity when 
treated with a drop of nitrate of silver solution. 

(138.) Impediments to Eeinsch's Test. 

u. Influence of oxygenarits. Reinsch's process 
is not applicable in the presence of oxidizing bodies, 
which moreover enable dilute hydrochloric acid to 
dissolve metallic copper. But the majority of such 
compounds may be reduced by the action of sulphite 
of sodium upon the acidified liquid, while any excess 
of sulphurous acid from the decomposition of the 
salt may be got rid of by ebullition before intro- 
ducing the foil or gauze. 

(3. Purity of the acid. This may be ascertained 
by diluting a sufficient quantity of the hydrochloric 
acid with about four times its bulk of water, and 
boiling a very small piece of foil or gauze in the 
diluted liquid for a period of twenty minutes or half 
an hour. 

y. Purity of the copper. As even in the most 
satisfactory performance of Eeinsch's test, there is 
always some, although but an extremely minute 
quantity of the copper dissolved, and as commercial 
copper is rarely quite free from arsenic, it is import- 
ant that the foil or gauze employed in the experi- 
ment should be specially tested as to its purity. If, 
however, the solution of four or five grains of the 
copper does not yield any evidence of arsenic, the 
metal is quite pure enough for the purpose, even 
though a trace of arsenic should be detected in a 
larger quantity of it. A few grains of the copper 
cut into fine pieces are placed in a small tube-retort, 
or in a bulb-tube, such as that shown in Fig. 14, with 
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not less than twice their weight of precipitated per- 
oxide of iron, and an excess of hydrochloric acid. 
The mixture is then distilled to dryness, great care 
being taken at the last to prevent spurting. Any- 
arsenic orginally contained in the copper is in this 
manner carried over in the form of chloride of 
arsenic, and may be condensed in a little water with 
the excess of aqueous hydrochloric acid. The result- 
ing liquid may then be tested for the presence of 
arsenic by boiling in it a fresh piece of clean copjDer 
gauze or foil. 

«. Modified processes. The peroxide of iron 
mentioned above may be replaced by an equivalent 
quantity of perchloride of iron. Indeed it is better 
to dissolve the peroxide in excess of hydrochloric 
acid, and then employ the residue left on evaporating 
to dryness, which will be free from any trace of 
arsenic the peroxide itself may have originally con- 
tained. Moreover, oxide or chloride of copper may 
be substituted for the peroxide or perchloride of 
iron, though not with advantage. Or the copper 
may be dissolved in hydrochloric acid alone, without 
the addition of any special oxygenant, by moistening 
the metal with the acid and exposing both to the air 
for several days. The addition of a few drops of a 
solution of perchloride of iron or chloride of copper 
to the acid greatly facilitates this solution by expo- 
sure to air. The h3''drochloric solution, no matter 
how obtained, is eventually distilled to dryness, and 
the distillate tested for arsenic. 

(139.) Other Forms op Arsenic. 

a. Orpiment and realgar. These sulphides of 
arsenic are yellow or orange-colored compounds, 
which volatilize unchanged upon the application of 
heat. Mixed with soda flux and heated in reduction 
tubes, they give rise to sublimates of metallic arsenic ; 
and the residues, when moistened with hydrochloric 
acid, evolve sulphuretted hydrogen, recognizable by 
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its smell and action on lead paper. Orpiment and 
realgar are not dissolved by boiling hydrochloric 
acid, but disappear more or less completely in nitro- 
hydrochloric acid, forming solutions from which 
arsenic acid may be obtained by evaporating to dry- 
ness. They also dissolve in sulphide of ammonium, 
and are redeposited on evaporating the liquid to 
dryness. 

(3. Scheele's green. This well-known green pig- 
ment is an impure arsenite of copper. Heated in a 
reduction tube, it yields a crystalline sublimate of 
arsenious anhydride, and a black residue of oxide of 
copper, which may be dissolved in hydrochloric acid, 
and tested by the usual reagents. Arsenite of copper 
dissolves in dilute h3'drochloric acid, forming a sola- 
tion in which, after precipitation of the copper by 
excess of oxalate of ammonium, arsenic may be de- 
tected by sulphuretted hydrogen, or by Marsh's or 
Eeinsch's tests. 

(140.) In Organic Mixtures. 

o. A hydrochloric acid decoction may be prepared 
as already described and tested by Eeinsch's process. 
Or the organic substance may be distilled to dryness 
with hydrochloric acid, the residue redistilled with 
fresh hydrochloric acid, the two distillates collected in 
water, and the product examined by sulphuretted 
hydrogen, or by Marsh's or Eeinsch's process. Or 
the tissue, &c., may be destroyed with hydrochloric 
acid and chlorate of potassium, the solution submit- 
ted to the prolonged action of sulphuretted hydrogen, 
and the resulting precipitate further examined {vide 
par. 116/3). 

? IX.— ANTIMONY. 

(141.) Antimonial Salts. 

tt. Tartar emetic. This compound usually occurs 
as a white powder, or in ill-defined crystalline masses 
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It becomes charred by heat, and when ignited Avitli a 
little carbonate of sodium on charcoal before the 
blowpipe, yields a bead of brittle metal and an abun- 
dant white incrustation. It is turned of an orange 
color, and finally dissolved by sulphide of ammonium. 

Its solution in water when 
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carefully evaporated yields 
beautifullypolarizing crys- 
tals (Fig. 49), chiefly tetra- 
bedral, but here and there 
cubical and octahedral. 
When acidified by nitric 
or hydrochloric acid, it fur- 
nishes a white precipitate 
soluble in excess of either 
acid. 

p. Chloride of antimo- 
ny. This is a highly cor- 
rosivefuming liquid, usual- 
ly having a yellow or orange color from the presence 
of chloride of iron. Poured into water, it gives rise 
to an abundant white precipitate, which after thorough 
washing with water, is turned of an orange color 
and finally dissolved by sulphide of ammonium. 
The precipitate is also readily soluble in tartartic 
acid. Mixed with carbonate of sodium and heated 
on charcoal before the blowpipe, it yields a bead of 
brittle metal and an abundant white incrustation. 

(14:2.) In Solution. 

u. Precipitation of trisulphide of antimony. 

A current of sulphuretted hydrogen gas passed into 
an antimonial solution acidified with tartaric acid, 
throws down an orange precipitate, which after wash- 
ing with water, is insoluble in carbonate, but soluble 
in sulphide of ammonium, forming a solution from 
which it may be reprecipitated on the addition of an 
acid. 
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p. Precipitation of oxichloride of antimony. 

Prscipitated trisulphide of antimony dissolves com- 
pletely in hot hydrochloric acid with evolution of 
sulphuretted hydrogen gas. The resulting trichloride 
of antimony, freed from excess of hydrochloric acid 
by evaporation to a small bulk, gives when poured 
into water an abundant white precipitate of oxichlo- 
ride of antimony, soluble in tartaric acid. 

y. Metallic precipitation on tin. A piece of 
tinfoil or bar immersed in the above tartaric acid 
solution, becomes speedily covered with a pulveru- 
lent black deposit of metallic antimony. 

(143.) Marsh's Test. 

The antimonial solution, acidulated with tartaric 
acid, may be introduced into the original or modified 
form of Marsh's apparatus, previously charged with 
pure zinc and dilute sulphuric acid, and the resulting 
gas examined as follows: — ■ 

a. Appearance of flame, &c. Hydrogen con- 
taminated with antimonetted h^ydrogen produces a 
black discoloration on paper moistened with nitrate 
of silver solution. It burns witli an opaque bluish 
white flame, and evolves a white smoke of teroxide 
of antimony, which, unlike the arsenical smoke, does 
not produce a yellow turbidity with ammonio-nitrate 
of silver. 

p. Characters of deposit. When a piece of talc, 
porcelain, or glass is depressed upon the flame, a dark 
stain or deposit is produced, distinguishable from the 
arsenical stain by the following properties: «, by its 
comparative want of metallic lustre; b, by its smoky 
black color ; c, by its non-volatility save at a heat 
approaching redness; d,hy its insolubility in chloride 
of lime ; e, by its ready solubility in yellow sulphide 
of ammonium, so as to form a solution which on 
evaporation to dryness leaves a bright orange stain ; 
and /, by its yielding after treatment with nitro-mu- 
17 
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riaticacid and evaporation to dryness, a residue which 
does not give a red precipitate with nitrate of silver 
solution. 

y. Decomposition by heat. Instead of burning 
the antimonetted hydrogen, it may be transmitted 
through a tube heated to redness, and finally through 
a solution of nitrate of silver. The deposit of anti- 
mony produced in the tube is characterized by its 
position, just before and beyond the exact spot where 
the heat is applied, by its want of volatility, by its 
non-convertibility into arsenious anhydride or arsenic 
acid, and by its ready solubility in yellow sulphide 
of ammonium to form a solution which leaves a bright 
orange stain on evaporation. 

s. Reaction with nitrate of silver. Antimo- 
netted h3'drogen produces in nitrate of silver solution 
a black deposit of antimonide of silver, from which, 
after washing with water, the antimony may be dis- 
solved away by a boiling solution of cream of tartar, 
and precipitated from the resulting solution by sul- 
phuretted hydrogen. 

(Irt-i.) Eeinsch's Test. 

>*. Deposit on copper. The deposition of anti- 
mony upon copper foil or gauze boiled in a hydro- 
chloric acid decoction of organic matter contaminated 
with antimony, or in a weak acidulated solution of 
some antimonial salt, takes place exactly as does the 
deposition of arsenic under similar circumstances. 
The highly lustrous deposit of antimony differs from 
that of arsenic in having a marked violet color, and 
in being less easily dissipated by heat. When a piece 
of the coated foil or gauze is strongly heated in a re- 
duction tube, it either does not aftbrd any sublimate 
at all, or else a very slight white deposit situated 
close to the heated end of the tube, not having a 
crystalline character, and being practically non-vola- 
tile. 
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3. Solution of deposit. Wlien boiled for a few- 
minutes in a weak feebly alkaline solution of perman- 
ganate of potassium, the antimonial coating is dis- 
solved away from the copper, while the permanganate 
loses its color and furnishes a slight turbidity of man- 
ganic hydrate. The filtered liquid acidulated with 
hydrochloric acid and treated with sulphuretted hy- 
drogen, acquires a yellowish color, and on standing 
deposits an orange precipitate, which may be further 
examined if necessary. Or, if the antimonial coating 
be not very thick, it will sufBce to boil the copper 
for some time, with frequent exposure of its surface 
to the air, in a weak solution of caustic potash only, 
and to treat the resulting liquid, after acidification 
by hydrochloric acid, with sulphuretted hydrogen. 

(145.) In Organic Mixtures. 

The processes of precipitation by sulphuretted hy- 
drogen and deposition on copper are perfectly appli- 
cable to acidified organic liquids, and to tlie hydro- 
chloric acid decoctions of organic tissues. Or the 
tissue may be destroyed by hydrochloric acid and 
chlorate of potassium, the solution after evaporation 
treated by sulphuretted hydrogen, the resulting pre- 
cipitate dissolved in boiling hydrochloric acid, and 
the solution so formed tested in Marsh's apparatus, or 
by the process of Eeinsch. 
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(146.) In Aqueous Solution. 

o. Appearance, &C. Prussic or hydrocyanic acid 
CNH occurs in the state of aqueous solution as a 
colorless, perfectly volatile, feebly acid, mobile liquid. 
Its vapor, which is given oft' at all ordinary tempera- 
tures, is invisible, has an odor said to be like that of 
bitter almonds, and when inspired even in minute 
quantity causes a peculiar sensation in the fauces. 
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p. Formation of Prussian blue. Tlie turbid 
greenish liquid made by adding excess of potash to 
solution of ordinary sulphate of iron, does not un- 
dergo any visible alteration when mixed with aque- 
ous prussic acid ; but, on acidifying the mixture with 
hydrochloric acid, a bright blue, or sometimes a 
greenish-blue color is developed, due to the produc- 
tion of finely divided Prussian blue, which gradually 
separates as a distinct precipitate. Or the potash and 
sulphate of iron may be added separately to the sus- 
pected liquid, and the mixture be afterwards acidu- 
lated with hydrochloric acid. 

y. Formation of sulphocyanate of iron. Aque- 
ous prussic acid, mixed with a drop or two of yellow 
sulphide of ammonium solution, and evaporated to 
dryness at a low temperature, leaves a residue of sul- 
phocyanate of ammonium, which when moistened 
with water and tested with a drop of perchloride of 
iron, produces a dark-red solution of j)ersulpho- 
cyanate of iron. 

«. Formation of cyanide of silver. Solution 
of nitrate of silver added to aqueous prussic acid 
throws down a white precipitate of cyanide of silver, 
which quickly subsides after agitation. It is not 
affected by cold nitric acid, but when separated from 
the supernatant liquid dissolves more or less com- 
pletely in the strong boiling acid. The precipitate 
collected on a filter, washed, dried, and heated in a 
reduction tube, evolves cyanogen gas, which, if ignited 
at the mouth of the tube, will burn with its peculiar 
rose colored flame. 

f. Decompositions of precipitate. The pre- 
cipitate treated with hydrochloric acid evolves prus- 
sic acid vapor, which may be received on the inte- 
rior of a watch-glass moistened either with yellow 
sulphide of ammonium, or with a mixture of potash 
and sulphate of iron, as described under the head of 
the vapor reactions. Or a portion of the precipitate 
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may be treated with a drop of j'ellow sulpliide of am- 
monium, dried at a low temperature, and the residue, 
after being moistened with water, tested by a drop of 
perchloride of iron, when a dark-red liquid will Vjo 
produced, easily distinguishable from the black pre- 
cipitate of sulphide of silver. Or a portion of the 
precipitate may be treated first with potash, then with 
a drop of sulphate of iron, and lastly with a little 
hydrochloric acid, when Prussian blue will be formed, 
together with white chloride of silver. 
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(147.) In Vaporous State. 

The succeeding tests may be applied to the vapor 
of the pure liquid acid, or to the vapor produced bv 
the action of hydrochloric acid upon precipitated 
cyanide of silver, or to the vapor evolved sponta- 
neously from organic liquids or solids containing 
prussic acid. Organic substances which do not react 
satisfactorily with these vapor tests may be distilled 
in a water-bath, and the distillate treated similarly to 
the pure aqueous acid as above described. 

a. Formation of Prussian blue. When a mix- 
ture of potash and sulphate of iron, smeared upon the 
interior of a watch-glass, or pre- 
ferably on a flat glass slip ^^' 
(Fig. 50), is exposed for a few 
minutes to the action of prus- 
sic acid vapor, there is pro- 
duced on acidification with 
hydrochloric acid, a solution 
of the iron magma and devel- 
opment of Prussian blue. 

0. Formation of sulpho- 
cyanate of iron. A drop of yellow sulphide of 
ammonium placed on a watch-glass or glass slip and 
exposed for a short time to the action of prussic acid 
vapor, yields, when evaporated to dryness at a low 
temperature, a residue of sulphocyanate of ammonium, 

17* 
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which produces a dark red color, on the addition of 
perchloride of iron. 

y. Formation of cyanide of silver. A drop of 
nitrate of silver, placed on a watch-glass or glass slip 
and exposed to the action of the vapor, becomes white 
and opaque from the formation of cyanide of silver, 
convertible into Prussia blue, or sulphocyanate of 
iron, as previously described. 

When the prussic acid vapor from some organic 
mixture is contaminated with sulphuretted hydrogen, 
it produces a blackening of the silver salt ; but no 
interference with the sulphocyanate reaction is mani- 
fested under the same circumstances. 
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(148.) In Puke Salt. 

a. Nature, solubility, &c. Strychnia is a vege- 
table alkaloid, having the formula C^jH^^Np^. It is 
more or less freely soluble in alcohol, chloroform, 
benzole and ether; scarcely at all soluble in pure 
water ; but readily soluble in acidulated water. It is 
capable of uniting with and neutralizing acids, to 
form definite crystallizable salts, of which the sul- 
phate, nitrate, hydrochlorate, oxalate, tartrate, and 
acetate are soluble in water. Most other strychnia 
compounds are more or less insoluble, whence solu- 
tions of strychnia salts are precipitated by a very 
great number of reagents, including hydrate, carbon- 
ate, iodide, sulphocyanate and chromate of potassium, 
carbazotic acid, phospho-molybdate of sodium, iodide 
of potassium with iodine, potash double iodide of mer- 
cury and potassium, perchloride of platinum, trichlo- 
ride of gold, &c. 

p. Appearance. Strychnia usually occurs in the 
form of a crystalline powder, or of well-defined pris- 
matic crystals, either white, or of a pale buff color. 
The ordinary salts of strychnia are generally met with 
as crystalline powders. Strychnia and its salts when 
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heated, melt, burn with a smoky flame, and leave a 
carbonaceous residue. 

y. Bitter taste. The bitterness of strychnia is 
peculiar, and has been sometimes s))oken of as metal- 
lic. Its intensity is so great, that one drop of a gal- 
lon of water, in which a grain of strychnia is dissolved, 
presents a recognizable bitter taste ; while with Tiionn 
part of strychnia in solution, the bitterness is well 
marked and persistent. The taste of strychnia salts is 
but slightly less intense than that of the alkaloid 
itself. In very dilute solutions only is the bitterness 
capable of partial concealment by other sapid bodies. 

s. Crystalline form. A drop or so of a spirituous 
or ethereal solution of strychnia allowed to evaporate 
spontaneously on a glass slip, furnishes a crystalline 
residue consisting of rectangular prisms often termi- 
nated by double or single oblique planes, and in vari- 
ously modified octahedra, as shown in Fig. 51. The 
forms deposited from a chloroformic solution are, for 
the most part, not well characterized. 

f. Precipitation. Aqueous solutions of strychnia 
salts, containing from xo'so to -g-Jjf, part of strychnia, 
are precipitated by the several reagents mentioned 
either immediately or on stirring ; the most delicate 
though least characteristic precipitants being the 
phospho-molybdate of sodium, and the potash solu- 
tion of hydrargyro-iodide 
of potassium. Hydrate or 
carbonate of potassium 
causes a gradual deposition 
of well defined strychnia 
crystals, insoluble in ex- 
cess of the precipitant (Fig. 
51). The precipitates 
thrown down by iodide, 
sulphocyanate, and chro- 
mate of potassium, carba- 
zotic acid, and the chlo- 
rides of platinum and gold, 
are also crystalline. 
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?. Action of acids. Strong sulphuric acid is with- 
out action on strychnia, even at and above the tem- 
perature of boiling water. Strong nitric acid usually 
produces a yellow, or yellow-brown, discoloration ; 
but is said to be without visible action on perfectly 
pure strychnia, although this seems doubtful. 

V- Color tests. When a little peroxide of lead is 
added to a fragment of strychnia, dissolved in a drop 
of strong sulphuric acid mixed with |- of its bulk of 
strong nitric acid ; or preferably, when a little per- 
oxide of manganese, or bichromate, or ferridcyanide, 
or permanganate of potassium, is added to a fragment 
of strychnia dissolved in a drop of strong sulphuric 
acid, there is produced a magnificent purple-blue 
color, becoming gradually crimson, and finally red- 
dish pink. The delicacy of this test, when special 
precautions are taken, is almost illimitable, less than 
Twi/oTTTT of a grain having been stated to give the re- 
action. With from ^j/jg to yj^gg of a grain it is 
easily obtainable. In operating on small quantities, 
the following plan may be adopted with advantage. 
The dry strychnia, usually the residue of an evapora- 
tion, in which case it must be allowed to become 
quite cold, is moistened with the smallest sufiicient 
quantity of strong sulphuric acid. By the side of it 
is next placed a minute drop of a mixture of sulpha-, 
ric acid with a little very finely-powdered amorphous 
peroxide of manganese, and the two then brought 
into contact. The experiment should be made on a 
surface of white porcelain, or on a flat watch-glass or 
glass slip, resting on a sheet of white paper. 

9. Physiological test. When a minute quantity 
of solid or dissolved strychnia is introduced under- 
neath the incised skin of a small frog, well-marked 
tetanic convulsions are manifested by the animal, 
usually within a quarter of an hour; and with a 
strong dose almost immediately. This tetanus is said 
to have been produced with so small a quantity as 
jo'gg of a grain of strychnia; but the delicacy of the 
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test varies much with the state of the animal, fresh- 
caught young frogs being the most excitable. 

(149.) In Organic Mixtures. 

a. If a liquid, it is merely acidified, mixed in some 
cases with a little spirit of wine, filtered, evaporated 
nearly to dryness, and the residue extracted with 
strong alcohol. If a solid, it is brought into a state 
of fine division, and mixed with a little proof spirit 
acidulated with dilute sulphuric or other acid, acetic, 
oxalic, tartaric, &c. After digestion for some time 
in a water bath, the mixture is filtered, the insoluble 
matters washed with proof spirit, the washings added 
to the filtrate, the whole of the clear liquid evapo- 
rated down to a small bulk, and the residue so ob- 
tained extracted with strong alcohol. The alcoholic 
solution is then evaporated to dryness, the residue 
dissolved in a little water, the liquid filtered into a 
long tube or bottle, and rendered alkaline with car- 
bonate of potassium. Two or three times its volume 
of ether are next added, and the whole shaken up 
briskly for some time. After subsidence, the ethereal 
solution is poured oft", and allowed to evaporate spon- 
taneously, whereby a residue is left of more or less 
well crystallized strychnia. This may be further 
purified by moistening it with strong sulphuric acid, 
and heating it for some time in a water bath, then 
diluting with water, supersaturating the acid liquid 
with potash, again extracting with ether, and evapo- 
rating. The final product may be examined under 
the microscope, by the color and physiological tests, 
and by the tongue. In the above process, chloroform 
or benzole may be substituted for the ether. 

? XII.— MORPHIA. 

(150.) In Pure State. 

a. Nature, solubility, &c. Morphia is a vege- 
table alkaloid, having the formula C„0,,jN03. It 
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neutralizes acids to form salts, one of whicb, tlie 
meconate of morphia, exists largely in opium, and is 
the source from which the alkaloid is obtained. Mor- 
phia is readily soluble in hot, less so in cold alcohol, 
very sparingly soluble in ether, and almost insoluble 
in water, save in the presence of acids. Its ordinary 
salts dissolve readily in water to form solutions, 
which are precipitable by a great number of reagents, 
including most of those which precipitate strychnia. 
Solutions of morphia and its salts have a well-marked 
bitter taste. 

(3. Appearance, &c. Morphia is usually met 
with in the state of acetate or hydrochlorate, which 
salts sometimes occur finely crj^stallized, but more 
often as imperfectly crystalline powders of a buff- 
tinted white color. The alkaloid itself occurs in 
quadrangular prisms, frequently having two opposite 
edges truncated so as to produce hexagonal forms. 
Morphia and its salts when heated, melt, burn with a 
smoky flame, and leave a carbonaceous residue. 

y. Crystalline form. Morphia, when deposited 
by the sjjontaneous evaporation of its alcoholic or 

ethereal solution, or when 
Pig- 52. slowly precipitated by 

caustic or carbonated al- 
kalies from aqueous solu- 
tions of its salts, occurs 
in the form of variously 
modified prismatic crys- 
tals, as shown in Fig. 52. 

«. Precipitation by 
potash. A single drop 
of potash added to the 
somewhat concentrated so- 
lution of a morphia salt, 
produces after some time, or on brisk stirring, a white 
precipitate of morphia, very soluble in excess of the 
precipitant, but reproducible by an absorption of 
carbonic acid from the air. 
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f. Coloration by nitric acid. Strong colorless 
nitric acid added, in considerable quantity, to the 
cold solution of a morphia salt, produces a deep 
orauge-red coloration. Or a drop or two of the acid 
may be added to a little powdered morphia or mor- 
phia salt, on a watch-glass or capsule, when an intense 
coloration will be at once developed. But the beha- 
vior is not peculiar to morphia. 

f. Coloration by a persalt of iron. A drop or 
two of a carefully neutralized solution of perchloride 
of iron, added to a morphia solution, or to the dry 
alkaloid or salt, produces a deep blue color, rendered 
bluish green by anj^ excess of the iron solution. 

n- Decomposition of iodic acid. A few drops 
of aqueous iodic acid produce, in solutions of mor- 
phia, a brown discoloration, only in part due to the 
liberation of iodine. Ammonia, added after a little 
while, deepens the color considerablj'. A piece of 
starched paper, dipped into the colored liquid before 
it has been treated with ammonia, acquires a purple 
color, save when the quantity of the alkaloid is very 
small. 

0. Reduction of bichromate of potassium. 

Strong sulphuric acid produces no coloration with 
morphia salts or solutions. But a little bichromate 
of potassium solution dropped carefully on to the 
sulphuric acid mixture is quickly reduced with pro- 
duction of a bright green color. 

(151.) Opiate Liquids. 

In the examination of liquids supposed to contain 
opium, the presence of both morphia and meconic 
acid is usually sought for. The last named body is 
not indeed poisonous, but is characteristic of opium, 
and possessed of well-marked properties. 

a. Preliminary test for morphia with nitric 
acid. Strong nitric acid, added in considerable 
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quantity to an opiate liquid, will often [)roduce a 
very perceptible darkening or even a distinct orange- 
red coloration. If necessar}^, the original liquid may 
have its color reduced by moderate dilution with 
water before the addition of the acid. 

(3. Preliminary test for meconic acid with 
perchloride of iron. To the opiate solution re- 
duced to a pale color by dilution with even a very 
large proportion of water, a few drops of perchloride 
of iron are added, when, if meconic acid be present 
even in small quantity, a distinct reddening of the 
liquid will be produced. 

y. Precipitation of meconate of lead. The 

opiate liquid acidulated with acetic acid is treated 
with acetate of lead, so long as a precipitate continues 
to be produced, when the whole is well agitated, and 
after partial subsidence thrown upon a wet filter. Me- 
conate of lead remains as an insoluble deposit on the 
paper, while the filtrate contains acetate of morphia, 
together with the excess of acetate of lead. 

8. Production of meconic acid from precipitate. 

The precipitate iiaving been thoroughly washed with 
water, is boiled for some minutes with a small quan- 
tity of dilute sulphuric acid, and the mixture thrown 
upon a filter, whereby a solution of meconic acid is 
obtained. Or the washed precipitate suspended in a 
little water may be treated with excess of sulphuret- 
ted hydrogen gas, and the clear liquid filtered off, 
and gently evaporated. 

f. Test for meconic acid by persalt of iron. The 

filtrate produced by either of the above means is then 
tested with a few drops of perchloride of iron, which 
should produce a dark logwood red color, through 
the formation of meconite of iron. The red liquid 
does not alter its color on boiling, in which respect 
it diflers from the similarly colored solution of per- 
acetate of iron, neither is it bleached by treatment 
with corrosive sublimate, in which respect it differs 
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from the similarly colored solution of sulphocyanate 
of iron. 

f . Separation of morphia. Through the liquid 
filtered from the precipitate of rneconate of lead, but 
having more or less acetate of lead in solution, a cur- 
rent of washed sulphuretted hydrogen is passed, until 
the smell of the gas is persistent even after agitation, 
when the whole is thrown upon a filter. The clear 
filtrate containing acetate of morphia is evaporated 
down to a small bulk, supersaturated with carbonate 
of potassium, and agitated with an ethereal solution 
of acetic ether. After subsidence, the ethereal solu- 
tion is poured off and allowed to evaporate sponta- 
neously, when there is left a residue of morphia in 
more or less well-defined crystals, to which the several 
tests for the alkaloid can be successfully applied. 
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CHAPTER IV. 
ANIMAL CHEMISTRY. 



? I.— COMPOSITION OP TISSUES, &c. 

(152.) Organic and Minebal Constituents. 

a. The animal fluids and tissues consist of water 
together with a certain amount of solid matter. 
Wheii an animal tissue or fluid is kept for some time 
at, or a little above, the temperature of boiling water, 
its aqueous portion evaporates oft' more or less com- 
pletely, leaving the dry solids behind. This residuum, 
when heated upon platinum foil, undergoes combus- 
tion; some of its constituents are dissipated, and a 
black carbonaceous mass remains. If this carbona- 
ceous residue be further heated for some time, espe- 
cially in a current of air, the black color will gradu- 
ally disaf)pear, and a white ash, fusible or infusible 
according to circumstances, will be left upon the foil. 
The components of dried animal matter are thus 
separated into two classes ; one comprising the sub- 
stances which are destroyed by fire, and which are 
called the organic constituents ; the other comprising 
tiie substances which resist the action of fire, and 
which are called the inorganic constituents, or more 
simply the ashes. This distinction, however, is not 
absolute. 

The organic components of animal matter consists 
principally of — 
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Carbon. Nitrogen. 

Hydrogen. Sulphur and 

Oxygen. Phosphorus. 

These are also called the elementary or ultimate prin- 
ciples of organic bodies. 

Qlie ashes consist principally of — 

Sodium. Sulphuric Acid. 

Potassium. Phosphoric Acid. 

Calcium. Carbonic Acid. 

Magnesium. Chlorine. 

Iron. Fluorine. 

Nearly all animal products are composed of both 
organic and inorganic constituents. Some few sub- 
stances, however, pertain almost entirely to one class : 
thus, while the enamel of the teeth contains scarcely 
any organic matter, some of the crystals of uric acid 
met with in the urine affords scarcely any ash. 

In animal tissues or fluids, the ultimate organic 
elements are combined with one another in a variety 
of ways, constituting definite compounds, which are 
known SiS proximate OTgiimc principles: thus in urine 
we may have all the above-mentioned ultimate prin- 
ciples united with one another, to form the proximate 
principles, urea, uric acid, sugar, albumen, &c. 

The muscular tissue is a very suitable material to 
be employed for the demonstration of the principal 
organic and mineral constituents of animal bodies : 
the same general plan is adopted in other instances. 

(153.) Ultimate Organic Constituents. 

a. Desiccation. The flesh or other tissue is cut 
into small pieces and dried in a water bath until it 
ceases to lose weight. By this means it is divided 
into an aqueous portion which has evaporated, and 
a solid portion which remains. Nearly all animal 
matters behave in a similar way ; but nitrogenous 
substances having an alkaline reaction, give oft' water 
containing a variable amount of ammonia. 
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p. Destructive distillation. A few fragments 
of the dried flesh are placed in a reduction tube, into 
the mouth of which are inserted a narrow strip of red 
litmus paper, and a similar strip of lead paper. On 
applying the heat of a spirit-lamp, water will con- 
dense in the upper part of the tube, proving the 
presence of oxygen and hydrogen in the flesh — a 
smell of ammonia will be given oft", and the litmus 
paper become blue, results indicating the presence of 
nitrogen — the lead paper will become blackened, 
showing the presence of sulphur— and lastly, black 
mass consisting chiefly of carbon will remain in the 
tube. 

y. Incineration. If some of the dried flesh be 
heated upon a piece of platinum foil, or in a shallow 
capsule, it will swell up, burn with a smoky flame, 
and leave an abundant carbonaceous residue. On 
continuing the application of heat for some time, the 
carbon will gradually burn away. Its disappearance 
may be facilitated by occasionally pulverizing the co- 
herent residue resulting from the ignition. Through- 
out the process the temperature should not exceed, or 
indeed scarcely arrive at, a full red heat. As soon as a 
pale gray or ochry red ash is produced, the heating 
may be discontinued. 

5. Detection of nitrogen. A little of the finely 

divided dry substance is intimatelymixed ten or twelve 
times its bulk of soda-lime (made by slacking quick- 
lime Avith caustic soda solution) and the mixture 
heated in a reduction tube, whereby ammonia is given 
off, recognizable by its smell and reaction on test- 
paper. 

£. Detection of sulphur. Bodies of a moderately 
light color may be tested for sulphur by boiling them 
in aqueous potash, to which solution of acetate of 
lead has been added in quantity insufficient to render 
the liquid permanently opaque. Should the substance 
so treated contain sulphur it will become stained of a 
brown or black color, which cannot be removed by 
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subsequent washing with water. If a suljstance is 
stained in the above manner when boiled in a potash 
sokition of lead, and is scarcely or not at all deep- 
ened in color when boiled in a solution of pure potash 
(free from lead), the presence of sulphur is certain. 
In the case of bodies readily soluble in potash water, 
the results are not quite so characteristic. 

f . Deflagration with nitre. A little of the dried 
and finely divided animal matter is mixed with about 
an equal bulk of powdered nitre, and the mixture 
projected in small portions at a time into a porcelain 
crucible kept at a red heat. Deflagration immediately 
takes place, and, in the fused residue, the presence of 
carbonic, sulphuric, and phosphoric acids, resulting 
from the oxidation of carbon, sulphur, and phos- 
phorus respectively, may be ascertained by the usual 
tests. 

In performing the above experiments, very differ- 
ent results will be obtained with different substances, 
such, for instance, as pieces of flannel, hard white of 
egg, refined gelatine, sugar, fat, &c. 

(15-i.) Ash of Animal Matter. 

a. A small portion of the ash, resulting from the 
incineration of any kind of animal matter, is placed 
on a watch-glass, moistened with water and examined 
by test-papers. Should it not have an acid reaction, 
a drop or so of nitric acid is to be added, and any 
effervescence due to carbonic acid carefully noted. 
The remainder of the ash is boiled in a small quan- 
tity of water for some time, a few drops of carbonate 
of ammonium solution added, the whole thrown upon 
a filter, and the filtrate set aside for examination. 
The residue is then well washed with water, boiled 
in a little hydrochloric acid with which a few drops 
of nitric acid have been mixed, the liquid evaporated 
iust to drvness, diluted with water, and filtered. In 
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tbis manner an aqueous'and an acidulous solution are 
obtained, containing respectively : — 

Aqueous Solution. Acid Solution. 

Potassium, Iron Peroxide. 

Sodium. Calcium. 

Sulphates. Magnesium. 

Chlorides. Phosphates. 
Phosphates. 

(3. Treatment of acid solution. A little of this 
solution may be examined for phosphoric acid by 

molybdate of ammonium (par. 100 &.), and another 
portion tested for iron by ferrocyanide or sulphocj^a- 
nate of potassium (par. 77). To the remainder of 
the solution acetate of ammonium is added, and, in 
the event of there being no decided reddening pro- 
duced, a little perchloride of iron also. The whole 
is then boiled for some time, whereby a red precipi- 
tate of basic phosphate of iron is thrown down, 
the deposition of which may sometimes be facilitated 
by the careful addition of ammonia in quantity not 
sufficient to produce neutrality. The boiling liquid 
is next filtered, whereby a clear colorless solution 
should be obtained, perfectly free from both iron 
and phosphoric acid. Excess of oxalate of ammo- 
nium added to this solution throws down a precipi- 
tate of oxalate of calcium. The resulting turbid 
mixture, having been well shaken or stirred, is set 
aside for a little while, and, after partial subsidence, 
passed once or twice through filtering paper, when 
magnesium may be tested for in the clear liquid 
by means of ammonia and phosphate of ammonium. 

y. Treatment of aqueous solution. Separate 
portions of this solution, acidified with nitric acid, 
may be tested for sulphates by chloride or nitrate 
of barium (par. 95 >*.) ; for chlorides, by nitrate of 
silver (par. 96 a.) ; and for phosphates, by molyb- 
date of ammonium, or by sulphate of magnesium 
and ammonia (par. 100 8. a). Or a single portion of 
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the acidified solution may be tested with a few drops 
of nitrate of barium to precipitate sulphates; then 
filtered and treated with excess of nitrate of silver 
to precipitate chlorides; then again filtered and care- 
fully neutralized with dilute ammonia to throw down 
the yellow phosphate of silver which the previously 
free nitric acid held in solution. 

The remainder of the liquid has to be evaporated 
to dryness, and the residue, after gentle ignition, dis- 
solved in a small quantity of water. The solution, 
filtered if necessary, and acidulated with hydrochloric 
acid, is carefully evaporated down in a watch-glass 
or capsule, when cubes of common salt will crystallize 
out, showing the presence of sodium. The mother 
liquor from these crystals is then to be treated with 
perchloride of platinum and alcohol, when, on stir- 
ring, a crystalline yellow precipitate of platino- 
chloride of potassium will be deposited. Or the 
solution, acidified with hydrochloric acid, may be 
treated at once with perchloride of platinum and 
alcohol, the yellow liquid filtered from the potassium 
precipitate and evaporated down, when yellow crys- 
tals of platino-chloride of sodium will make their 
appearance. 



? 11.— NORMAL URINE. 

(155.) General Properties. 

.*. Appearance, &C. Healthy human urine is an 
aqueous liquid in which various compounds, organic 
and mineral, are dissolved, and certain other sub- 
stances held in suspension. It has an amber color, 
a slightly acid reaction, a characteristic though not 
powerful odor, and a sp. gr. usually ranging within 
a few degrees of 1020. The substances suspended 
in urine are epithelium and mucus. Its dissolved 
organic constituents are urea, uric acid, and hippuric 
acid, with coloring and other extractive matters. Its 



212 



NOKMAL URINE. 



inorganic or mineral constituents are sodium, potas- 
sium, calcium, and magnesium, in the form of phos- 
phates, sulphates, and chlorides. The student is ex- 
pected to identify these several substances, to make 
himself acquainted with their characteristic appear- 
ances, and to realize their principal reactions. A 
good quarter-inch object-glass is requisite for micro- 
scopic examination. 

|3. Mucus, epithelium, &c. Recent urine set 
aside for some little time in a glass vessel gradually 
deposits a loose flocculent sediment, readily visible 
upon holding the specimen between the eye and the 
light. When examined microscopically it is seen to 
consist of epithelial cells, derived from different por- 
tions of the urinary apparatus, together with granular 
or mucus-corpuscles. By filtration, these suspended 
urinary constituents remain on the filtering paper as 
a scarcely visible deposit, while the urine itself 
passes through perfectly bright. On gently drying 
the filtering paper, the deposit assumes a varnish-like 
aspect. 

(156.) Urea. 

a. Its detection. A little of the filtered urine, 
concentrated by careful evaporation in a watch-glass, 

and treated with a few 
''§• drops of strong colorless 

nitric acid, yields either at 
once or very speedily a 
crystalline deposit of ni- 
trate of urea. This de- 
posit, w^hen examined un- 
der the microscope, is seen 
to consist of delicate six- 
sided plates, superimposed 
upon one another so as 
usually to prevent more 
than three or four of the 
sides of any one crystal being recognizable, as shown 
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in Fig. 53. The nitrate of urea may be formed in a 
watcli-glass and tlien transferred to a slide, or it may 
be dissolved in water and recrystallized on a slide, or 
nitric acid may be added to some concentrated urine 
previously placed in the field of the microscope, and 
the actual process of crystallization observed. 

(3. Preparation of urea. A couple of ounces or 
so of fresh and filtered urine are evaporated on a 
water-bath or gently heated sand-bath to a syrupy 
consistency, and a quantity of strong colorless nitric 
acid about equal in bulk to the concentrated urine 
added thereto, when the mixture, upon cooling, be- 
comes semi-solid from the formation of nitrate of 
urea. The crystalline mass is drained on a tile, or 
pressed between several folds of blotting-paper, then 
dissolved in a little warm water, and the resulting 
solution treated with an excess of carbonate of ba- 
rium. Upon concentrating the filtered liquid, nitrate 
of barium crystallizes out first, while urea remains 
in the mother liquor, which is evaporated to dryness 
over a water-bath. From this residue warm alcohol 
extracts the urea, and on 
cooling or slow evapora- 
tion, deposits it in the 
form of long flattened pris- 
matic crystal, as shown in 
Fig. 5i. 



y. Properties of urea. 

Urea behaves in some re- 
spects like an organic base, 
being capable of uniting 
with certain acids, notably 
the nitric and oxalic acids, 
to form salts. It dissolves 
readily in water and alcohol, producing solutions 
which are neutral to test-paper. The formula of urea 
is CH^Np, and that of nitrate of urea CH^N^O.HNO,. 
Urea is isomeric with cyanate of ammonium NH^CNO, 
which undergoes spontaneous conversion into it; and 
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also isomeric, if not identical, with carbamide N^H^ 
(CO)". Heated with water under pressure, it is trans- 
formed into carbonate of ammonium, thus: CH^N^O 
H-2H20 = (NHJjC03. The same change takes place 
spontaneously in putrefying urine, and is also brought 
about by acting on urea with strong potash or sul- 
phuric acid, except that the resulting carbonate of 
ammonium is then broken up by the reagent em- 
ployed. 1000 parts of urine contain, on the average, 
about 15 of urea. 

(157.) Ukic Acid. 

a.. Its detection. This compound occurs but in 
small quantity in healthy human urine, 100 parts of 
which contain, on the average, not more than half a 
part of uric acid. In order to detect its presence, a 
couple of ounces or so of filtered urine are reduced 
to one-half the original bulk by evaporation, a little 
hydrochloric acid added to the concentrated liquid, 
and the whole set aside in a cool place for some hours, 
when the interior of the vessel will be found studded 
with small brown crystals of impure uric acid. In 
the case of urine having a moderately high specific 
gravity, concentration is unnecessary. After pouring 
off the supernatant liquid, the crystals are detached, 
washed with water, and dissolved in a few drops of 
warm potash. The resulting solution of urate of 
potassium is then filtered, and acidulated with hydro- 
chloric acid, whereby a crystalline precipitate of uric 
acid is thrown down, which may be examined micro- 
scopically and by the action of nitric acid, as de- 
scribed below. 

(3. Preparation of uric acid. Uric acid cannot 
well be prepared, in any quantity, from normal hu- 
man urine. But it may be easily obtained from the 
common brickdust urinary deposit, collected on a fil- 
ter and washed with water; or from powdered uric 
calculi; or the excreta of serpents. Any one of 
these substances is boiled with caustic potash, the so- 
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lution diluted with water, filtered, and supersaturated 
with hydrochloric acid, whereby a very considerable 
opacity is at first produced, which, however, speedily 
disappears, and is replaced by a dense crystalline 
precipitate, from which the supernatant liquid may 
be readily poured off. 

y. Properties of uric acid. Uric acid furnishes 
two classes of salts, acid and neutral, and is conse- 
quently dibasic. Its formula is CjH^N^Oj. The for- 
mula for a scarcely soluble or acid urate is CjMHjN^Oj, 
and that for a soluble or neutral urate C5M2H2NJO3. 
Uric acid itself is extremely insoluble, both in water 
and alcohol ; but is soluble in alkaline solutions, 
forming neutral urates, and reprecipitated therefrom 
on the addition of an acid. It always occurs in the 
crystalline state, the appearance of the crystals, how- 
ever, being very various. Occasionally the acid is 
met with in its normal form of the rhombic prism, 
more frequently in rhombic plates with the obtuse 
angles more or less rounded off, or in acuminated 
doubly-convex lozenge-shaped plates, or in elongated 
flat plates with excavated ends. Some of the forms 
of uric acid crystals are shown in Figures 55 and 56. 



Fig. 56. 




Uric acid dissolves readily, with effervescence, in 
nitric acid, and on evaporating the solution to dry- 
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Dess an amorphous pinkish residue is left. This, 
when moistened with ammonia, assumes a fine crim- 
son color, which is changed to violet on the addition 
of a small quantity of caustic potash. 

(158.) HipPUEic Acid. 

a. Its Preparation. Although this acid exists, 
in healthy human urine, in nearly the same propor- 
tion as uric acid, yet its presence therein does not so 
readily admit of demonstration. It can, however, be 
easily procured from the urine of herbivora, and from 
that of patients who have been taking benzoic acid as 
a medicine. To prepare it from either of these sources 
the recent filtered urine is evaporated down to one- 
fourth of its bulk, and then treated with an equal 
volume of ordinary hydrochloric acid, when, on cool- 
ing, long prismatic needles of impure hippuric acid 
crystallize out. These, after being washed with a 
little cold water, are dissolved in boiling water, and 
the solution set aside to crystallize. 

|3. Properties of hippuric acid. The hippuric 
is a monobasic acid, represented by the formula 

It is soluble in 



Fig. 57. 



C,H,N03. 

water, alcohol, and ether. 
The crystals obtained by 
cooling the hot aqueous 
solution on a slide consist 
of delicate prisms, often 
jDresenting the appearance 
of elongated six-sided 
plates, as shown in Fig. 57. 
By prolonged boiling 
with concentrated hydro- 
chloric acid, hippuric or 
glyco-benzoic acid absorbs 
a molecule of water, and breaks up into benzoic acid 
and glycocine or sugar of gelatine, thus : CgllgNOj + 
H,0 = C,H,0, + (\n5NO,. The larger proportion 
of the former product is dissipated by evaporation ; 
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but the glycocine may be detected by adding to the 
liquid a drop or so of aqueous sulphate of copper 
and an excess of potash, whereby a deep blue-colored 
solution is produced, unaffected by ebullition. 

(159.) Coloring and Extractive Matters. 

a. Purpurine, &C. When healthy urine is boiled 
in a test-tube with about one-fourth its bulk of hydro- 
chloric acid, a deep brownish-purple color is produced, 
due to the metamorphosis of a peculiar highly carbon- 
ized pink coloring matter, known as purpurine. The 
common pink deposits of alkaline urates owe their 
color to this purpurine, which has a great tendency 
to become precipitated with them. Hence, when per- 
fectly white urate of ammonia, boa's excrement, for 
instance, is boiled in urine containing much purpu- 
rine, it is dejDosited on cooling of a pink color, from 
its carrying down some purpurine with it. When 
these colored deposits, natural or artificial, are boiled 
in alcohol, the purpurine is dissolved, forming a 
pinkish-red solution. The relation in which purpu- 
rine stands to the yellow coloring matter of urine is 
not satisfactorily established. 

J3. Extractives. The remaining organic urinary 
constituents are called by this name. They generally 
amount to about one per cent, of the urine. Included 
among them is some principle containing sulphur in 
an unoxidized form, also kreatine and kreatiuine, sub- 
stances derived from the oxidization of muscle, and 
found more largely in the juice of flesh. Schunck 
has noticed in urine the habital presence of a sub- 
stance, allied to indican, decomposable by an absorp- 
tion of water into grape sugar and indigo-blue. 

(160.) Mineral Salts. 

<*. Ash of urine. This may be examined accord- 
ing to the directions previously given for the analysis 
of animal ashes (par. 1-14:). It will be usually found 
19 
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to contain calcium, magnesium, sodium, and a small 
quantity of potassium, in the form of carbonates, 
sulphates, phosphates, and chlorides. The residue 
left after the ash has been acted upon by acid, con- 
sists principally of carbon. When this residue is 
ignited for some time, a minute white ash remains, 
which is said to contain silica and fluorine. 

p. Most of the inorganic constituents of urine may 
be detected in the secretion itself after simple filtra- 
tion. On the addition of ammonia a white precipi- 
tate is produced, which, when examined microscopi- 
cally, is seen to consist of amorphous granules of 
phosphate of calcium and characteristic stellate 
feathery crystals of ammonio-phosphate of mag- 
nesium. If healthy urine, especially that passed 

after a night's rest, be 
Fig- 58. evaporated very gradu- 

ally upon a glass slide, 
minute octahedral crystals 
of chloride of sodium 
may be detected by micro- 
scopic examination. Gene- 
rally speaking, however, 
the common salt is seen 
in the form of very com- 
plex right-angled cross- 
lets (stauroid crystals), 
arranged somewhat like 
chevaux de frise. On the 
axes and extremities of these forms, octahedrons may 
occasionally be recognized by a good defining glass. 
Fig. 58 shows one of the many appearances presented 
by carefully evaporated urine. 

Sulphuric and hydrochloric acids may be detected 
in urine by the usual tests. 

2 III— ABNORMAL URINE. 

The abnormal constituents of urine which do not 
necessarily give rise to deposits, are albumen, sugar, 
biliary matters, and fat. 
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(ItJl.) Albuminous Upjne. 

o. Appearance, &C. The general appearances of 
albuminous urine vary considerably. Sometimes it 
presents nothing unusual in its aspect; often the 
flocculent deposit formed by repose is larger in 
amount than that of the healthy secretion ; occasion- 
ally the urine has a faintly opalescent appearance, not 
removable by filtration; and very frequently it is 
met with, black, brown, or red, from the presence of 
altered blood, with or without the occurrence of a 
deposit of blood globules. Albuminous urine when 
shaken retains the froth for a long time ; its specific 
gravity is very variable. 

|3. Test by boiling. Some of the suspected urine 
is boiled in a test tube, when, should albumen be 
present, a turbidity will be produced, the amount of 
which may vary from a faint cloud to a bulky pre- 
cipitate rendering the urine nearly solid. Impedi- 
ments. — a. Albumen when dissolved in alkaline fluids 
is not necessarily deposited upon boiling, the forma 
tion or non-formation of a precipitate having reference 
to the relative quantities of albumen and alkali 
respectively present. Therefore, in testing an alka- 
line urine for albumen, the liquid should first be 
rendered very faintly acid with acetic acid. h. A 
previously opaque condition of the urine interferes 
with the action of this test. This interference 
may be lessened, if not removed, by filtering the 
urine before applying heat thereto. In urine contain- 
ing deposits, the clear liquid can generally be poured 
ofi' and tested separately. But deposits of urates do 
Dot impede the action of this test, as, upon heating 
the urine, their dissolution takes place before the 
precipitation of any albumen, c. Albuminous urine, 
to which a very ininute quantity of nitric acid has 
been added, is not rendered turbid by heat. Fallacy. — 
Upon boiling certain varieties of urine, a precipitate 
of the earthy phosphates occasionally takes place, 
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which can, however, be distinguished from that of 
albumen by the addition of a little dilute nitric acid, 
whereby the former is dissolved, the latter unafi'ected. 

y. Nitric acid test. On adding nitric acid to 
albuminous urine, a white turbidity is produced, vary- 
ing in amount with the proportion of albumen present. 
Impediments. — a. The reagent should be added drop 
by drop, since a minute quantity does not cause any 
precipitate, and a great excess dissolves any precipi- 
tate which may have formed, h. When the urine is 
opaque, it should be rendered slightly alkaline with pot- 
ash, agitated, filtered, and then tested with nitric acid. 
Fallacies. — a. In some varieties of urine the addition 
of nitric acid produces a precipitate of uric acid, 
which, however, speedily shrinks very much in bulk, 
and, when examined microscopically, is seen to be 
crystalline, whereas the deposit of albumen is amor- 
phous, h. Nitric acid produces a whitish turbidity in 
the urine of patients who have been taking copaiva, 
cubebs, and probably other oleo- and resinous medi- 
cines. But while the precipitate of albumen subsides 
to the bottom of the test-tube in the course of a few 
hours, the precipitate of oleo-resinoiis matters remains 
suspended in the urine for two or three days. More- 
over, inquiry can always be made on these points. 

f>. Ferrocyanide of potassium test. Solution 
of ferrocyanide of potassium added to albuminous 
urine previously acidulated with acetic acid, throws 
down a white precipitate. Imfediment. — The mere 
addition of acetic acid to urine occasionally produces 
a precipitation of mucus, in which case the acidulated 
urine must be filtered before being tested with ferro- 
cyanide. 

(162.) Saccharine Urine. 

«.. Appearance, &c. Saccharine urine cannot be 
distinguished by the eye from the normal secretion. 
It has generally' a high specific gravity, a rather 
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fragrant odor, and when agitated retains its froth for 
some time. It is said to have a distinctly sweet taste. 
Minute traces of sugar exist habitually in normal urine. 

(3. Potash test. To the suspected urine, an equal 
bulk of the ordinary solution of caustic potash is 
added, and the wliole boiled ; whereon a deep orange- 
brown, frequently almost black, color is produced if 
sugar be present in abnormal quantity. Fallacies. — 
Should a deep brown color be produced, the test is 
free from fallacy ; but there are many specimens of 
non-saccharine urine which, when boiled with caustic 
potash, acquire a tolerable dark sherry color. More- 
over, caustic potash frequently contains lead, and 
this impure reagent, acting upon the sulphur of 
ordinary urine, or more decidedly in albuminous 
specimens, will occasion a brown discoloration. The 
potash should, therefore, be first tested for lead. 

y. Copper test. The urine is mixed with about 
its bulk of caustic potash solution, whereby a pre- 
cipitate of earthy phosphates is produced, which, in 
questionable cases, should be separated by filtration. 
To the alkaline liquid, filtered or unfiltered, a drop 
or two of a dilute solution of sulphate of copper is 
added, when, if sugar be present, the greenish-blue 
precipitate first thrown down will disappear upon 
agitation, forming a deep blue-colored liquid. On 
heating this liquid, aiid even before it arrives at the 
boiling point, a red or orange-colored precipitate will 
be formed, characteristic of sugar. Fallacies. — • 
Although the precipitate produced by the addition 
of sulphate of copper to a mixture of normal urine 
and caustic potash does not disappear upon agitation, 
still the disappearance of the precipitate with forma- 
tion of a blue liquid is no proof of the presence of 
sugar. Moreover, the application of heat should not 
be continued after the blue liquid has acquired a 
boiling temperature, as many substances by prolonged 
ebullition effect a deposition of the red suboxide of 
copper. 

19* 
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Fig. S9. 



i. Modified copper test. Instead of taking 
separate solutions of sulphate of copper and potash, a 
ready-made alkaline solution of tartrate of copper 
may be added to the suspected urine, and the whole 
heated to the boiling point, when the production of 
an orange precipitate of suboxide of copper will show 
the presence of sugar. The test solution is made by 
dissolving about 20 grains of sulphate of copper and 
40 grains of neutral tartrate of potassium in an ounce 
of the officinal solution of potash, whereby a clear 
deep blue liquid should be produced, which may be 
filtered if necessary. 

'■ Tin test. The reduction of salts to tin, bismuth, 
silver, and chromic acid by grape sugar at a moderate 
heat, have been made the bases of separate tests. The 
tin test is best performed by 
having ready-prepared strips 
of merino or other woollen (not 
cotton or linen) tissue dipped 
in solution of dichloride of tin 
and then dried in a water-bath. 
On moistening one of these 
strips with diabetic urine, and 
holding it near the fire, or 
otherwise heating it to a tem- 
perature of about 300° F., 
a brownish-black coloration 
quickly makes its appearance. 
This is a convenient clinical 
test, and one of great delicacy. 

?. Fermentation test. 

Ordinary yeast, or the dried 
German yeast, is mixed with 
water, and a long test-tube 
completely filled with the sus- 
pected urine, to which a little 
of the yeast liquid has been 
added. The tube is then closed with the thumb, and 
inverted in a saucer containing a little of the urine 
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under examination, so that no air may enter the 
tube ; and the whole set aside in a tolerably cool 
situation. The temperature ought not to be below 
70° Fahrenheit. Should the urine be saccharine, 
minute air-bubbles will speedily make their appear- 
ance, and in the course of an hour or so a very definite 
quantity of gas will occupy the upper part of the 
tube, as shown in Fig. 59 ; but other forms of 
apparatus may be employed. The sporules and thal- 
lus of the sugar fungus, or yeast plant, are said to be 
recognizable in stale saccharine urine. 



(163.) Biliary Urine. 

a. Appearance, &C. Biliary urine has a yellow- 
ish-brown color, and a persistent bitter taste. It is 
doubtful whether the urine as voided ever contains 
more than a trace of the true biliary salts, for the 
detection of which substances only is Pettenkofer's 
test adapted (vide par. 178); but Heller's test, and the 
nitric aid test, react tipon the coloring matter of bile, 
which not unfrequently finds its way into the urine. 

P. Nitric acid test, A little of the urine, pre- 
viously concentrated if necessary, is 
poured on to a white plate, so as to 
form a thin layer, upon which a few 
drops of strong nitric acid are then let 
fall. Where the acid comes into con- 
tact with the biliary urine, a peculiar 
play of colors is produced — green, pink, 
violet, and yellow, being readily recog- 
nizable. Or a mixture of the urine 
with dilute nitric acid may be carefully 
poured on to some strong sulphuric 
acid, when the characteristic coloration 
will take place at the junction of the 
two liquids, as seen in Fig. 60. 

y. Heller's test. For the applica- 
tion of this test the urine is required to 
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contain albumen; hence it must be mixed, if neces- 
sary, with a little diluted white of egg, serum of 
blood, or some other urine containing albumen. 
Nitric acid is then added, when, if bile be present, 
the precipitate will have a faintly bluish or greenish 
color; but the test is not very satisfactory. 

(164.) Fatty Urine. 

". Fat globules, &C. The conditions in which 
fat occurs in the urine have not been ascertained with 
any degree of precision. Occasionally, when examin- 
ing the ordinary flocculent deposit of urine by means 
of the microscope, isolated fat globules may be recog- 
nized. Fat occurring only in this state is believed 
by some observers to be necessarily of extraneous 
origin. In some forms of Bright's disease the fibri- 
nous casts of tubes and the epithelial cells, particu- 
larly those derived from the kidney, are seen loaded 
with fat, and at the same time isolated fat globules 
may be detected. 

J3. Chylous urine. Occasionally this curious va- 
riety of urine is met with : the secretion is more or 
less opaque, always contains albumen, frequently 
gelatinizes on cooling, and, when, examined micro- 
scopically, displays an abundance of minutely divided 
granular matter, and a few granular cells similar to 
those found in the chyle, but no fat globules. Fat, 
however, may be readily obtained by agitating the 
urine with ether, and evaporating the ethereal solu- 
tion. 

y. Kiestein-urine. In the urine of pregnant 
women the so-called kiestein may be recognized. 
The secretion has generally an acid reaction, and by 
repose becomes faintly opaque. In the course of two 
or three days a fat-like scum rises to the surface, re- 
mains there for two or three days, and then sinks to 
the bottom of the vessel, the urine becoming at the 
same time ammoniacal. When this scum is examined 
microscopically, it is seen to consist of crystals of 
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triple phosphate, with a few fat globules, imbedded 
in a dense granular matter, which appears to be of an 
albuminous character, containing, however, minutely 
divided fat. Kiestein urine, by keeping, frequently 
evolves a powerful odor of putrescent cheese. Its 
occurrence is no longer regarded as positively diag- 
nostic of pregnancy. 



? IV.— URINARY DEPOSITS. 

These may be distinguished into chemical com- 
pounds either crystalline or amorphous, and structu- 
ral or organized comjjounds. 

(165.) Chemical Deposits. 

a. Urates or lithates. Every deposit which disap- 
pears upon the apiplication of heat, consists of uric acid 
in combination ivith various bases. These urates are 
sometimes white, but generally more or less colored 
with purpurine, which may be partially extracted 
from them by means of boiling alcohol. They form 
a bulky deposit, nearly always amorphous, occasion- 
ally appearing in the form of minute spheres with 
protruding spicula. Urate sediments dissolve readily 
on the addition of caustic potash, the solution when 
boiled giving off ammonia. Moreover, they yield a 
residue of murexide, when treated with strong nitric 
acid, evaporated to dryness, and held over the vapor 
of ammonia. The urine in which these deposits occur 
has generally an acid reaction. 

3. Earthy phosphates. — Nearly every deposit 
which disappears upon the addition of hydrochloric acid 
consists of earthy phosphates. These salts form a bulky 
opaque white deposit, which, unless associated with 
mucus, is easily diffusible upon agitation. The urine 
itself is mostly alkaline, or neutral, or but very faintly 
acid. Deposited phosphate of calcium is usually amor- 
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Fiff- fii. phous, save in acid urine, 

where it sometimes occurs 
in peculiar radiated or 
penniforra crystals. The 
ammonio - phosphate of 
magnesium crystallizes in 
variously modified trian- 
gular prisms, often simu- 
lating irregular six-sided 
plates, as shown in Fig. 61 ; 
and in very amrnoniacal 
urine is met with in the 
form of stellate feathery 
crystals. In some cases this deposit is seen as an iri- 
descent pellicle, and occasionally it remains for a long 
time suspended in the urine. 

y. Uric 2iC\di.— Every ohviously crystalline deposit^ 
having a distinctly yellow or red color, consists of uric 
acid. The color, specific gravity, and acidity of urine 
yielding uric acid sediments are generally rather 
above than below the average. The deposit is com- 
pact in its appearance, and subsides quickly after 
agitation. It is readily soluble in potash, from which 
solution it is reprecipitated on the addition of hydro- 
chloric acid. When treated with strong nitric acid, 
evaporated to dryness, and held over the vapor of 
ammonia, it yields murexide. Uric acid deposits are 
very rarely indeed devoid of color. They are met 
with in variously modified crystalline forms [vide 
par. 147). 

«. Oxalate of calcium. This salt seldom if ever 
forms a distinct sediment. It may be detected by 
allowing the urine to stand at rest for some time, and 
then pouring away all but the last portions, which 
must be examined microscopically. It occurs in well- 
marked octahedrons, the crystals generally appearing 
to have a square outline, and their opposite angles 
being connected by markings, as shown in Fig. 62. 
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The sediment may be ren- Fig- 62. 

dered apparent to the naked 
eye, by warming the resi- 
due of urine, left after 
pouring away the greater 
portion, giving it a rota- 
tory motion, and allowing 
it to stand for a few min- 
utes. Then on pouring off 
the remainder of the urine, 
and replacing it by water, 
a white glistening deposit 
becomes visible. The de- 
posit of oxalate of calcium is scarcely at all affected by 
cold potash. It dissolves without effervescence in dilute 
hydrochloric acid, forming a solution which effervesces 
on the addition of a little peroxide of manganese. There 
are occasionally found associated with octahedrons of 
oxalate of calcium, certain dumb-bell-shaped crystals, 
said to consist of oxalurate of calcium. They are inso- 
luble in potash, soluble in hot hydrochloric acid, and 
when incinerated leave a residue of carbonate of cal- 
cium. Deposits of uric acid and phosphates have been 
occasionally met with in the dumb- bell form. 

«. Cystine. This deposit occurs somewhat rarely, 
in the form of a bulky, easily difl'usible deposit, re- 
sembling in its appearance 
the white or pale lithates. 
When examined microsco- 
pically it is seen to consist 
of rosette-like plate, in 
which a hexagonal outline 
may sometimes be recog- 
nized. After pouring off 
the supernatant urine, the 
sediment will be found to 
be insoluble in acetic acid, 
soluble in hydrochloric 
acid, and very soluble in 
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ammonia. When the ammoniacal solution is allowed to 
evaporate spontaneously on a slide, very well-defined, 
transparent hexagonal plates crystallize out, as shown, 
in Fig. 63. Cystine is remarkable for containing twenty- 
six per cent, of sulphur, so that when cystic urine is 
boiled with a solution of acetate of lead to which potash 
has been added in sufficient excess to dissolve the pre- 
cipitate at first thrown down, the whole becomes nearly 
black, from the formation of sulphide of lead. Cystic 
urine has when recent an aromatic, when decompos- 
ing a very fetid odor. The formula of cystine is 
C3H,NS0,. 

(166.) Organized Deposits. 

u.. Normal sediment, A flocculent deposit, vary- 
ing slightly in quantity and appearance, always sepa- 
rates from urine by repose. When examined micro- 
scopically it may show, in addition to the usual 
mucus-corpuscles and epithelium-cells, torulse charac- 
teristic of saccharine urine, casts of uriniferous tubes 
indicative of B right's disease, fat globules, whether 
free or contained in a cell wall, vibriones, sper- 
matozoa, blood globules, exudation globules, minute 
crystals of oxalate of calcium, and occasionally of 
uric acid, &c. &c. 

|3. Pus. This substance presents a different ap- 
pearance accordingly as it occurs in acid or alkaline 
urine. In acid urine, purulent deposits sink to the 
bottom of the vessel, and form a greenish-yellow 
opaque layer, having a creamy consistency, an easy 
dift'usibility on agitation, and a slow subsidency on 
repose, gelatinizing when agitated with an equal balk 
of caustic potash, and in fact presenting all the ordi- 
nary qualities, physical and microscopical, of pus. 
In alkaline urine the deposit is viscid, tenacious, 
ropy, not diffusible on agitation, and is mixed up 
with the earthy phosphates, which may, however, be 
separated by the action of dilute hydrochloric acid. 
Purulent urine is necessarily albuminous. When a 
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Fig. 64. 




deposit of pus has been agitated with ether, the result- 
ing ethereal solution, upou being poured off and 
evaporated, leaves a con- 
siderable residue of oily 
globules. 
The pus corpuscles, which, 
however, can scarcely be 
said to exist after the action 
of an alkali, consist of 
circular granulated cells, 
somewhat larger than blood 
globules, as shown in Fig. 
64. When acted on by 
acetic acid, they swell up 
very considerably, their 
margins become distinct, 

and two, three, or four small granular masses appear 
in their centres. 

y. Mucus. A little mucus is always met with, 
even in normal urine. It may be much increased in 
quantity without being appreciably altered in charac- 
ter; but oftener it occui's in the form of gelatinous 
masses, which sink to the bottom of the vessel, or, 
from the entanglement of air-bubbles, remain for a 
long time suspended in the urine. 

Mucus deposits have a more or less marked alkaline 
reaction, even when the supernatant urine is acid : 
they do not diffuse readily by agitation, and are 
frequently associated with a very considerable sedi- 
ment of the earthy phosphates. The presence of 
even a large amount of mucus does not of itself 
render the urine albuminous. The microscopical 
characters of the mucus corpuscle are very similar to 
those of the pus corpuscle, but the granular character 
is perhaps not quite so well marked. 

S. Blood. Urine containing blood is necessarily 
albuminous. On allowing the urine to stand, and 
examining the sediment microscopically, blood glo- 
bules may be recognized by their uniform size, non- 
20 
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granular surface, and yellow color. The appearance 
of urine containing blood is very variable ; its color 
may be light-red, dark-red, reddish-brown, smoke- 
brown, or scarcely altered. The sedinnent also varies 
much in its appearance; sometimes its nature is evi- 
dent to the unassisted eye, at other times it occurs 
but in very minute quantities, and can only be iden- 
tified microscopically. Urine may contain altered 
coloring matter of blood, and yet the blood-corpuscles 
escape recognition. 



? v.— CLINICAL EXAMINATION OF URINE. 

(167.) General Examination. 

a. Appearance, &C. It is advisable to notice the 
color, whether pale from a dilute urine, or dark from 
a concentrated urine, or reddish-yellow from purpu- 
rine, or brownish-yellow from bile, or red or brown 
from blood — the taste, whether sweet from sugar, or 
bitter from bile — the smell, whether fragrant from 
cystine or from sugar, or fetid from alkalinity, with 
or without mucus, or from cystine — any opalescence 
or milkiness due to fat, kiestein, mucus, or a modifi- 
cation of albumen, &c. 

(3. Specific gravity. The specific gravity should 
be taken by means of a gravimeter (Fig. 65). It may 
be too low, from an accidentally diluted urine, or 
from Diabetes insipidus, or from certain forms of Mor- 
lus Brig/Uii, &c. ; too high, from a concentrated urine 
or from the presence of sugar, &c. Dr. Golding Bird 
pointed out the very curious coincidence, that the 
last two figures, expressing the specific gravity, repre- 
sent very nearly the number of grains of solid matter 
contained in an ounce of the secretion ; thus in urine 
of the specific gravity 1017, every fluidounce contains 
about 17 grains of solid matter. This, however, must 
be regarded as but a very rough approximation to the 
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trutli, trifling variations in the amount 
of the saline constituents of urine effeot- 
ing greater alterations of density than 
considerable variations in its organic 
constituents. 

y. Quantity. In order to determine 
the quantity of urine passed in twenty- 
four hours, the patient should be caused 
to make water at some definite hour in 
the day, say 10 A. M., the amount then 
voided being neglected. After this he 
should save all the urine he passes until 
10 o'clock on the next day, at which 
time he must again empty his bladder, 
and add the contents to the specimen 
to be measured. He should moreover 
be desired always to micturate before 
going to the closet. By multiplying the 
number of ounces passed, by the last two 
figures of the specific gravity, an approxi- 
mation will be arrived at as to the total 
amount of solids excreted by the kidneys 
in twenty-four hours. 



Fig. (i.5. 



(168.) Chemical Examination. 

a. Reaction to test-paper. Normal urine has a 
slightly acid reaction. If alkaline, it will restore the 
blue color of reddened litmus-paper. Should the 
blue color remain after the paper has become dry, 
the alkalinity is due to the presence of a fixed alka- 
line salt ; but should the red color reappear on drying 
the paper, the alkalinitj"- is due to ammonia. 

|3. Testing the urine. The supernatant urine is 
to be poured away from any deposit which may have 
formed, and be examined for albumen, sugar, pur- 
purine, and if necessary fat and bile. Should the 
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urioe have a high specific gravity and be free from 
sugar, it may be examined for an excess of urea by 
pouring a little of the secretion into a watch-glass, 
and adding about two-thirds its bulk of cold concen- 
trated nitric acid. The formation of a crystalline 
deposit of nitrate of urea is, with certain restrictions, 
indicative of an excess of that base. It is, perhaps, 
generally advisable to concentrate the urine slightly. 
before adding the acid. 

y. Testing the deposit. The appearance of the 
deposit generally indicates the order in which the 
tests, both microscopical and chemical, should be 
applied. The lithates are dissolved by heat, dissolved 
by potash, undissolved by hydrochloric acid; the 
phosphates are undissolved by heat, undissolved by 
potash, dissolved by hydrochloric acid ; uric acid is 
undissolved by heat, dissolved by potash, undissolved 
by hydrochloric acid; cystine is undissolved by heat, 
dissolved by ammonia or potash, and dissolved by 
hydrochloric acid ; oxalate of calcium is undissolved 
by heat, undissolved by potash, dissolved by hydro- 
chloric acid. In mixed deposits the different ingre- 
dients are readily recognized by their different micro- 
scopical appearances, and by their different behavior 
with the above reagents. 



I VI. -URINARY CALCULI. 

(169.) General Characters. 

a. Construction, &c. Urinary calculi are for 
the most part built up of concentric layers. This 
structural arrangement is readily seen on making a 
section of a calculus through its centre. All the 
layers of a calculus may have the same composition, 
or may differ very much from one another in this 
respect. One single uniform layer of a calculus may 
be, and generally is, composed of several ingredients. 
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The internal arrangement Fig. 66. 

of a mixed mulberry and 
fusible calculus, belonging 
to the museumof St. Bartho- 
lomew's Hospital, is shown 
in Fig. 66 (No. 79 in cata- 
logue). 

It is probable, that if a 
very exact analysis were 
made, each of the layers of 
nearly every calculus would 
be found to contain uric 
acid, alkaline urates, phos- 
phate of calcium, and am- 

monio-phosphate of magnesium, with or without the 
other constituents of calculi. Moreover, most calculi 
contain traces of all the salts naturally existing in the 
urine, as well as of coloring matter, mucus, &c. 

From these considerations it is obvious that the 
chemical examination of a calculus need have refer- 
ence only to its general composition, and not to its 
exact analysis. It is important, however, to bear in 
mind, that even a homogeneous layer of a calculus 
rarely ever consists of one constituent only. 

i3. Appearance, &C. The general appearances, 
&c., of the different varieties of calculi are as follows: 
a. Uric calculi consist of uric acid, with or without 
variable proportions of the alkaline urates. They 
have usually a uniform outline, a compact laminated 
structure, and an orange or yellow color : sometimes 
the laminated appearance is wanting, and sometimes 
they have a light fawn color, resembling the paler 
varieties of oxalate of lime concretions. A greater 
or less amount of uric acid is found in the centres of 
most calculi. 

b. Earthy phosphates consist of phosphates of 
calcium and ammonio-phosphate of magnesium. It 
rarely if ever happens that where one of these consti- 
tuents is present the other is wholly absent. When 

20* 
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the two exist in about equal quantities, the concretion 
is known by the name of the fusible calculus, in con- 
sequence of the readiness with which it fuses in the 
blowpipe flame. But when either constituent is pre- 
sent in great excess, this fusion cannot be effected. 
The distinctly laminated character appears to be more 
frequently wanting in the fusible than in most other 
varieties of calculi. Phosphatic calculi differ much 
in their appearance ; they have usually a smooth uni- 
form surface, and a pale, white, or even chalk-like 
aspect. Sometimes they are compact and hard, at 
other times light ahd friable ; sometimes the layers 
adhere very closely to one another, and at other 
times are just as easily separable. The earthy phos- 
phates may constitute the greater part of a calculus, 
or may be disseminated through the other constitu- 
ents, or may form distinct layers: they give a more 
or less thick external coating to most calculi. 

c. Oxalate of calcium calculi are generally recog- 
nized by their dark color, hard, compact, laminated 
structure, and irregular surface. The term mulberry 
calculus does not give any idea of the degree of this 
irregularity. But some small oxalate of calcium 
calculi, known as hemp-seed concretions, have a 
smooth contour. Occasionally, oxalate of calcium 
concretions, especially when forming layers in other 
calculi, or when mixed with uric or phosphatic de- 
posits, have a pale color, and very finely laminated 
structure. The central portions of oxalate of cal- 
cium calculi generally contain more or less uric acid. 

cl. Cystine calculi are of comparatively rare occur- 
rence. They have an irregular or oval shape, a rough 
and crystalline-looking surface, a fawn-brown color 
when recent, and a sea-green color when long kept. 
Cystine rarely ever enters into the constitution of 
composite calculi. 

y. Action of heat. Some of the ingredients of 
calculi are destructible by heat, some indestructible, 
as seen in the following table : — • 
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Uric Acid. 

Urate of Ammonium. 

Cystine. 

Oxalic Acid, from oxalate of calcium. 

Ammonia, from triple phosphate. 

Uric Acid, from urates of calcium and sodium. 

Phosphate of Calcium. 
Carbonate of Calcium. 

Phosphate of MAGNEsiUM,from triple phosphate. 
Carbonate of Sodium, from urate of sodium. 
Carbonate of Calcium, from oxalate and urate 
of calcium. 



If the heat be sufficiently prolonged and intense, the 
carbonate of calcium will become converted into caus- 
tic lime. Carbonate of calcium is not an unfrequent 
constituent of calculi which have undergone partial 
decomposition in the bladder. 

(170.) Preliminary Examination. 

o. Pulverization, &c. The calculus to be exa- 
mined should be sawn through its centre, so as to 
expose its internal arrangement. Should it consist 
of layers obviously difi'ering from one another, each 
of them must be separately examined. For this pur- 
pose, a sufficient quantity of each layer may be con- 
secutively removed by means of a pocket-knife. The 
determination of the nature of any one layer should 
be ascertained before removing a specimen of the 
next one. In friable calculi, great care must be ex- 
ercised in obtaining specimens of the different layers. 
The smooth appearance of the flat surface can be 
readily restored by grinding, so that a calculus may 
be analyzed without any necessary disfigurement. 
The specimen removed from each layer is to be re- 
duced to a fine powder. 
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li. Ignition. A little of the powder is to be heated 
upon platinum foil, and careful attention paid to any 
of the following results, &c. 

Charring. All urinary calculi undergo a slight 
amount of charring. In oxalate of calcium calculi 
this is very slight, and speedily disappears, leaving a 
bulky white pulverulent residue. In phosphatic cal- 
culi the charring is more complete, and the carboii 
not so easily burnt off. 

Decrepitation. This is always very slight; when 
occurring simultaneously with the formation of a 
white smoke and a great degree of mobility in the 
heated powder, it is indicative of urate of ammonium. 

Odor. Oxalate of calcium calculi do not evolve 
much odor when heated; most others do. The odor 
produced by the ignition of cystine is well marked 
and characteristic. 

Volatilization. Should the calculus powder burn 
away almost entirely, it will suffice to test for uric 
acid, urate of ammonium, and cystine. 

Fusion. The heat of a spirit lamp is sometimes 
sufficient to fuse the mixed earthy phosphates. 

Alkalinity. When only the heat of a lamp has 
been employed, any alkalinity to test paper, shown 
by the moistened residue, is probably due to carbon- 
ate of sodium, derived from the ignition of urate of 
sodium. 

Effervescence. The moistened residue is treated 
with a drop or two of nitric acid. Effervescence de- 
notes the presence of a carbonate, whether originally 
existing as such, or derived from the ignition of oxa- 
late of calcium or of the fixed alkaline urates; in 
which latter case theamount of efi'ervescence is usually 
very small. 

Bloiupipe. Should the ordinary flame have proved 
incapable of fusing the ash, the acidified residue may 
now be dried, and strongly heated before the blow- 
pipe; when, if the mixed earthy phosphates are 
present, a more or less complete fusion, or at any rate 
cohesion of the particles, will take place. 
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(171.) Special Tests. 

In addition to noticing the above described effects 
of beat, it will often suffice to make special tests for 
the phosphoric, oxalic, and uric acids, without sub- 
jecting the calculus to a more complete analysis. 

o. Phosphoric acid. The residue upon the foil 
after its ignition before the blowpipe is treated with 
a drop or two of nitric acid and a little water, whereby 
its solution is usually effected without appreciable 
efi'ervescence, any carbonate of calcium having been 
converted into caustic lime. A drop or two of nitrate 
of silver solution is then added, and the mixed liquid 
carefully neutralized with dilute ammonia, when the 
production of a yellow precipitate will indicate the 
presence of phosphoric acid. Under certain circum- 
stances, especially when triple phosphate constitutes 
the great mass of the calculus, or when the silver salt 
has been added in very small quantity, the precipitate 
is white. Or the nitric acid solution of the ignited 
calculus may be tested with molybdate of ammonium 
(vide par. 92 «). Triple phos- 
phate are distinguished from Fig. 67. 
bone earth calculi by their so- 
lubility in acetic acid. 

8. Oxalic Acid. Some of 
the original calculus powder is 
mixed with a drop or so of 
dilute sulphuric acid, and a 
little finely divided peroxide 
of manganese added, whereby 
any oxalic acid is at once oxi- 
dized into carbolic acid, which 
is liberated with effervescence. 

y. Uric acid. A little of 
the original calculus powder, placed in a watch-glass, 
is treated with a drop or two of strong nitric acid in 
which, if uric acid or a urate be present, it will dis- 
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solve with effervescence. On carefully evaporating 
to complete dryness over a small flame, as shown in 
Fig. 67, a jtinkish residue is left, which, when cold, is 
to be moistened with a drop of ammonia, whereby 
murexide will be produced with its characteristic 
crimson color, convertible into violet on the addition 
of a little caustic potash. Or the watch-glass may 
be held in the fingers as a precaution against using 
too strong a heat. 

(172.) Systematic Analysis. 

a. Solution, Some of the powdered calculus is 
boiled for a few minutes with a little distilled water 
in a test-tube, the mixture thrown upon a filter, the 
filtrate collected apart, and the residue thoroughly 
washed with boiling water. The first portion of the 
washings may be reserved for use on an emergency. 
The filtrate A may contain urate of ammonium, urate 
of sodium, and urate of calcium. 

The washed residue is ne.xt boiled in dilute hydro- 
chloric acid, observation being made as to whetlier 
or not any effervescence indicative of the presence of 
carbonate of calcium takes place. The acid liquid is 
thrown on a filter, the resulting filtrate B collected 
apart, and the residue therefrom, if any, washed with 
water. The acid solution _B may contain chloride of 
calcium from the decomposition of the carbonate, 
oxalate of calcium, cystine, phosphate of calcium, 
and ammonia-phosphate of magnesium. The residue 
Cleft upon the filter will consist of uric acid. 

13. Aqueous solution. A few drops of the solu- 
tion A are evaporated upon a glass plate, when, should 
a mere trace of residue only be left, the remainder of 
this solution may be disregarded, and the calculus 
considered as free from any appreciable amount of 
alkaline urates. But should an obvious residue be 
left, about one-fourth part of the solution may be 
boiled in a test tube with a little caustic potash, when 
ammonia, if present, will be given off so as to be 



SYSTEMATIC ANALYSIS. 239 

recognizable by its odor and by its reactions with 
test-paper and hydrochloric acid vapor, &c. The 
remainder of the solution is reduced to a very small 
bulk by evaporation, treated with strong nitric acid, 
and evaporated cautiously to dryness, when the pro- 
duction of a pinkish residue, rendered crimson when 
moistened with ammonia, will be indicative of uric 
acid. The contents of the capsule are next incine- 
rated, the residue treated with a few drops of water, 
and the liquid divided into two portions. One is 
slightly acidified with acetic acid and tested with a 
drop of oxalate of ammonium, when the production 
of a white turbidity will indicate the presence of cal- 
cium. The other is acidified with hydrochloric acid 
and evaporated cautiously to dryness, when the pro- 
duction of microscopic cubical crystals will show the 
presence of sodium. 

y. Acid solution. By means of dilute ammonia, 
the solution B is made as nearly neutral as it can be, 
without having its transparency affected. Acetate of 
ammonia is then added, the production by which of 
a white precipitate will indicate the presence of oxa- 
late of calcium or cystine. The latter body 
rarely occurs in mixed calculi, and could be readily 
separated from the oxalate by treatment with ammo- 
nia ; on evaporating the ammoniacal solution, it would 
be deposited in the form of hexagonal tablets. To 
the clear liquid, if no precipitate has formed, or other- 
wise to the filtrate therefrom, oxalate of ammonium 
is added in excess, when the deposition of a white 
precipitate will indicate the presence of calcium, 
which did not previously exist in the state of an oxa- 
late. Filtration is next performed, if necessary, and 
an excess of ammonia added to the clear liquid, when 
the production of a white crystalline precipitate, after 
stirring for a little while, will prove the presence of 
phosphoric acid and of magnesium. Should 
there be no obvious precipitate, sulphate of magne- 
sium is to be added, when the presence of phospho- 
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ric acid will be indicated by the formation, after 
stirring, of a white crystalline precipitate. 

«. Insoluble residue. The residue C is to be 
treated with concentrated nitric acid, and the whole 
evaporated to dryness, whereby a pink mass will Be 
left, which held over the vapor of ammonia will be- 
come crimson, and if subsequently moistened with 
potash will become purple, reactions characterizing 
uric acid. 
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(173.) Coagulation. 

o. Blood as existing in the vessels is seen to consist 
of red corpuscles floating in a clear liquid, termed 
the liquor sanguinis. When removed from the 
living vessels it speedily separates into two portions, 
a clear yellow liquid, the seriun, and a solid red 
mass, the clot. The liquor sanguinis consists of fibrin 
and serum ; the clot, of fibrin and corpuscles, as seen 
in the following diagram : — 



f Liquor Sanguinis. -J ^H^: . 
Blood, i 1 Fibrin, j^.^^^ 



Liquor Sanguinis. | ^^^^^^ 
Corpuscles ... ■* 



Thus the chemical investigation of the blood natu- 
rally divides itself into separate examinations of the 
clot and serum. 

(3. The coagulation of blood is due to the solidifi- 
cation of fibrin, which entangles in its meshes the cor- 
puscles and a considerable portion of the serum, so 
as to form a firm jelly-like mass. While the blood 
is circulating through the vessels of living animals, 
the fibrin exists in a state of perfect solution. The 
circumstances which determine this state of solution 
are not well understood ; but intimate contact with 
the living tissues appears to be one very important 
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condition. Out of the body the fibrin speedily solidi- 
fies, the coagulation, which is accompanied by a slight 
evolution of ammonia, being generally complete in 
about ten minutes' time. Variations of temperature, 
movement, and exposure to air, modify but never pre- 
vent the coagulation. Where the fibrin exists in 
large quantity, the coagulation takes place more 
slowly, but the coagulum is firmer and more com- 
pact. When blood is removed from persons sufl'er- 
ing from an inflammatory condition of system, or 
when it contains an excess of fibrin, or a deficiency 
of corpuscles, or when it is collected in a deep nar- 
row vessel, or when its coagulation is retarded by any 
means, the corpuscles sinking before the coagulation 
is complete, exist principally in the lower portion of 
the clot, while the upper layer consists of nearly 
colorless fibrin. This colorless layer is termed the 
huffy coat ; it is extremely tenacious, and frequently 
by its slow contraction draws up the edges of the clot, 
so as to form a cup-like depression. 

(174.) FiBEiisr. 

u. From liquid blood. Fibrin is most easily pro- 
cured from this source. The blood, before it has had 
time to coagulate, is rapidly whipped with a few twigs 
of wood, or well shaken in a bottle with two or three 
irregular pieces of lead. In this way the fibrin sepa- 
rates more or less completely from the corpuscles, 
and adheres to the twigs or pieces of lead in the form 
of loose fibrous masses. These are to be well washed 
with water, and also with ether, when it is desired to 
remove the adherent fat. 

(3. From the clot. The preparation of fibrin from 
coagulated blood is rather more tedious. The clot 
should be placed upon a cloth, thoroughly broken up 
by the hand, and washed under a stream of water; 
when, by alternate washing and kneading, the serum 
and coloj'ing matter of the clot will pass through the 
21 
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cloth, and a residue of tolerably white fibrin be left 
thereon. 

y. Properties of fibrin. Fibrin possesses all the 
chemical properties of coagulated albumen {vide par. 
176 y). When examined microscopically it is seen to 
differ from coagulated albumen in manifesting an or- 
ganized structure, though of the lowest type, viz., the 
simply fibrous. This fibrillated arrangement is best 
seen in the buflfy layer of inflammatory blood. When 
moist fibrin, especially that obtained from the clot, is 
covered with water rendered /am<Z^ alkaline by soda, 
and left at rest for some days in a tolerably warm 
situation, the greater part of it dissolves, and albumen 
may be detected in the filtered liquid by the action of 
heat and nitric acid. Fibrin constitutes about 0.25 
per cent, of normal blood. 

(175.) Corpuscles. 

a. Their appearance. When a drop of unco- 
agulated blood, or a drop of the deep red-colored 
serum squeezed out of the clot, is examined under a 
good quarter-inch object glass with a high eye-piece, 
the field of the microscope is seen covered with 
minute colored cells, of uniform size, circular outline, 

and non-granular struc- 
Fig. 68. ture, as shown in Fig. 68. 

According to the focussing 
the edges will appear dark 
and the centre transparent, 
or vice versa. Some of the 
globules may be seen 
lying upon their edges, 
some of them adhering 
to one another by their 
flat surfaces, forming rou- 
leaus. In the case of the 
previously uncoagulated 
blood, a delicate network 
of fibrin will speedily appear. Blood corpuscles 
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appear to consist of a transparent membrane con- 
taining a red-colored fluid. The phenomena of osmose 
may be readily seen under the microscope : thus if a 
concentrated solution of sulphate of sodium be added, 
the corpuscles become distorted, their edges uneven, 
and their dark centres more prominent; if, however, 
water be added, the corpuscles swell up, their dark 
centres and defined margins gradually disappear, and 
finally the cells burst with discharge of their con- 
tents. 

In addition to the above-described red corpuscles, 
there may generally be seen a few of the colorless or 
lymph corpuscles. In healthy blood these exist in a 
variable but very small proportion compared with 
the red, than which they are rather larger in size, and 
less uniform in outline. Moreover, they manifest a 
faintly granular structure. 

p. Their separation. If blood, as it is flowing, 
be received into a saturated solution of sulphate of 
sodium, all coagulation will be prevented, and by re- 
pose the corpuscles will form a bright scarlet layer at 
the bottom of the vessel. The supernatant fluid may 
be poured off, and the sediment collected in a filter, 
and washed with a solution of sulphate of sodium. 
Or the red liquor, from which the fibrin has been re- 
moved by agitation, may be allowed to subside ; or 
the clot may be broken up, well shaken with the 
serum, and the red fluid so formed be allowed to sub- 
side. From either of these fluids a gradual but in- 
complete deposition of the corpuscles will take place. 
The supernatant serum may then be poured away, 
and replaced by a solution of sulphate of sodium, 
when the corpuscles will behave as in the first in- 
stance, and may be collected upon a filter and washed 
with sulphate of sodium as before. 

y. Red coloring matter. Htematosine, or the 
red coloring matter of blood, is remarkable for the 
amount of iron which it contains. The ash of blood 
corpuscles yields fully '60 per cent, of peroxide of 
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iron. The presence of iron in any of tlie other tis- 
sues or fluids, with the exception of the chyle, ap- 
pears to be due to an admixture of blood. It is 
possible indeed to obtain a modified hsematosine free 
from iron; but no inference can be drawn from the 
experiment. The chemical reactions of the coloring 
matter may be recognized by throwing the corpus- 
cles, well washed with sulphate of sodium and drained, 
into a considerable excess of cold water, when the 
cell walls burst by endosmosis, and the colored con- 
tents of the cells dissolve in the water, forming a 
deep-red solution, which by filtration may be made 
perfectly bright. This red coloring matter is un- 
affected by ammonia, and is entirely destroyed by 
ebullition, with the formation of a dirty-colored coag- 
ulum, which dissolves in caustic potash with an in- 
distinct greenish color. 

«. Hsematocrystallin, or blood crystals. The 

formation of these crystals was first discovered by 
Dr. Otto Funke, of Leipsic. It appears that by the 
bursting of the red corpuscles as above described an 
aqueous solution of their contents is obtained, which 
by very slow evaporation yields crystals having very 
definite forms. The blood of some of the lower ani- 
mals, particularly of the rodents, yields these crystals 
with great facility, but their production from human 
blood is always an uncertain operation. A drop or 
so of the deeply colored liquid from a portion of clot 
a day or two old, may be squeezed on to a glass slide 
and diluted with less than its own bulk of proof 
spirit. Upon covering the whole loosely with a piece 
of microscopic glass, and setting it aside in a light 
but not too warm situation, flattened, prismatic, red- 
colored crystals will sometimes make their appear- 
ance in the course of a few hours. 

(176.) Blood Stains. 

These occasionally form important objects of 
medico-legal inquiry. The chemical evidence has 
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reference to the coloring matter of the blood ; the 
microscopical to the form of the globules, and the 
production of htemine crystals. Eecent blood stains 
are of a bright red color; older stains of a reddish- 
brown ; when on linen or other stuffs, the fibre be- 
comes more or less stiffened. 

u. Reactions of color. Supposing the stain to be 
on some stuff, a strip of the stained portion is cut off, 
and suspended by means of a thread in a test tube 
containing a little distilled water. Gradually, streaks 
of coloring matter will be seen descending from the 
stuff" to the bottom of the tube, and there forming a 
layer, of a deep-red if the stain be recent, or a reddish- 
brown color if the stain be of an older date. If ne- 
cessary, several of the stained strips may be thus 
successively treated in the same portion of water, 
until a sufficiently dark solution is obtained. Stains 
on knives and other articles are likewise to be treated 
with cold water, so as to obtain a solution of the 
coloring matter. To this red or reddish-brown solu- 
tion a little dilute ammonia is added, whereby the 
color will be unaltered or simply brightened, bixt not 
changed to a green or crimson. When the solution 
of the coloring matter is boiled, its color is entirely 
destroyed, and a dirty brown precipitate produced. 
Every stain forming a reddish solution with cold 
water, which is unaffected by dilute ammonia, but 
has its color destroyed by ebullition, with the forma- 
tion of a precipitate, is due to blood. 

p. Form of the corpuscles. A little of the 
stained fibre, or, if possible, a little of the dried 
stain scraped away from the article under examina- 
tion, is placed upon a glass slide and moistened with 
a solution of sugar (syrup diluted with about twice 
its bulk of water) or of pure glycerine reduced to 
the sp. gr. of 1028. After some time a red colored 
liquid will be obtained, which may be covered with 
a piece of microscopic glass, and examined by a good 
quarter-inch object-glass. Should the stain be due 

21* 
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to blood, the corpuscles, with their characteristic ap- 
pearances, may in this way be readily detected. In 
the event of their appearing shrivelled, the addition 
of a drop or two of water will cause them to expand. 

r- Haemine crystals. The dry dry blood stain is 
extracted with a little glacial acetic acid, and the re- 

sultiog liquid evaporated 
Fig- 69. at a very gentle heat. In 

the event of no crystals 
being thus obtained, a mi- 
nute quantity of common 
salt may be added to the 
dry residue, and the moist- 
ening with glacial acetic 
acid and gentle evapora- 
tion repeated. In some 
cases the moistening with 
acid has to be performed 
a third time, before the 
characteristic dark-colored 
rhombic crystals, often arranged in stellate groups, 
as shown in Fig. 69, make their appearance. The 
formation of the crystals seems to be facilitated by 
moistening the residue with water and evaporating 
therewith, after each evaporation with acetic acid. 

(177.) Sebum. 

a. General characters. The serum is a pale 
yellow, transparent, somewhat viscid fluid, having a 
specific gravity of about 1030, while that of blood 
averages about 1055. It has a faintly alkaline re- 
action, and consists of water holding in solution 
albumen, fat, certain ill-defined extractive matters, 
and the inorganic salts. When serum is evaporated 
to dryness in a water-bath, its aqueous portion is 
driven off, and a hard, nearly transparent, horny 
residue left behind. Water constitutes about 80 per 
cent, of normal blood. 



SERUM. 247 

i8. Separation of albumen. For this purpose, 

either of the following methods may be adopted: — 
a. The serum is put into a small capsule, an equal 
bulk of coarsely powdered crystals of sulphate of 
sodium added to it, and the whole boiled until com- 
plete coagulation takes place, when, on filtering the 
boiling liquid, a perfectly clear and nearly colorless 
solution, quite free from albumen, will rapidly pass 
through. This method is equally applicable to serum 
containing any amount of coloring matter, and even 
to the broken-up clot itself, b. The serum is made 
neutral or very family acid with acetic acid, boiled 
and filtered. By this means the whole of the albu- 
men will coagulate in flakes and remain on the filter- 
ing paper, while a clear liquid, termed the serosity, 
will pass through. The precipitate of albumen is 
to be washed with hot water, and dried in a water- 
bath ; moreover, a minute amount of earthy salts 
may be removed from it by boiling dilute hydro- 
chloric acid, as also a small proportioii of fat by 
boiling alcohol. 

y. Properties of albumen. Albumen, as it exists 
in the blood and other animal fluids, is in a state of 
solution, but is capable of being coagulated by heat. 
The temperature at which coagulation takes place 
varies with the alkalinity of the fluid, and with the 
amount of albumen present. Serum of blood coagu- 
lates at the temperature of about 160° Fahr. Albumen 
once coagulated cannot be obtained in the form of a 
solution coagulable by heat. Normal blood contains 
on the average about 7 per cent, of dissolved albu- 
men. Fibrin and coagulated albumen agree in the 
following characters : they are insoluble in water, 
alcohol, and ether ; but are soluble in potash, from 
which solution they are reprecipitated by neutraliza- 
tion with an acid. If to the potash solution, acetic 
acid be added, the albumen will be at first precipi- 
tated, but subsequently redissolved in the excess of 
acid. Moreover, coagulated albumen and fibrin are 
soluble, though with difficulty, in acetic acid. Alba- 
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men and fibrin dissolve in boiling hydrochloric acid, 
forming deep purple solutions. 

When albumen or fibrin is heated upon platinum 
foil, a minute white ash, consisting principally of 
phosphate of calcium, remains. This proportion of 
earthy phosphate appears to be an integral constitu- 
ent of the albuminous principles. If dried albumen 
or fibrin be heated in a reduction tube, into the mouth 
of which there have been inserted a piece of red 
litmus and a piece of lead paper, the red litmus will 
become blue and the lead paper black, reactions 
indicating respectively the presence of nitrogen and 
sulphur. 

s. Fat of blood. The condition in which fat 
exists in the serum is not well understood. Some 
portion of it is precipitated with the albumen, the 
remainder being dissolved in the serosity. As a rule, 
serum is perfectly bright, and fat globules cannot be 
detected in it by microscopical examination; yet the 
fat being soluble in ether, does not appear to be 
saponified. In order to extract the fat, the dried 
residue left by the evaporation of serum upon a 
water-bath is pulverized, and the powder agitated for 
some time, with three or four times its bulk of ether; 
the whole is allowed to subside, and after some hours 
the ether poured off and evaporated to dryness on a 
water-bath, when a small quantity of a yellow semi- 
solid fat will be left. This may be treated with cold 
alcohol, when a crystalline fat will be dissolved and 
an oily fat be left unacted upon. 

t. Extractives and salts. The serosity consists 
of an aqueous solution of certain ill-defined organic 
compounds, known as extractives, and of the usual 
alkaline salts. All the organic constituents of the 
serum, with the exception of the albumen and fat, 
receive the name of extractives. If the serosity be 
carefully evaporated almost to dryness, very beauti- 
ful cubes of common salt crystallize out. Moreover, 
sulphuric and phosphoric acids can readily be de- 
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tected ; the former by the production of a white pre- 
cipitate with nitrate of barium and nitric acid ; the 
latter by the addition of sulphate of magnesium, am- 
monia, and chlorid(? of ammonium, when on stirring 
a white crystalline precipitate is thrown down. If 
the serosity be evaporated to dryness, and ignited, a 
white fusible ash will remain, which may be exam- 
ined according to the directions for the analysis of 
animal ashes, and will be found to contain chlorine, 
carbonic, phosphoric, and sulphuric acids, with potas- 
sium, and traces of calcium. 

f. Serum containing urea. It is probable that 
the blood always contains minute traces of urea ; 
while in certain forms of disease, particularly in 
Bright's disease, its amount becomes very sensible. 
In order to detect it, the albumen is removed from 
the serum by either of the methods described in par. 
j3, and the serosity evaporated carefully to dryness. 
If the process b be adopted, and the chloride of sodium 
in the dried residue be seen to crystallize in well- 
marked octahedrons instead of cubes, the presence of 
urea is tolerably certain. In any case the dry residue 
is warmed with a little strong alcohol and filtered, the 
alcoholic filtrate evaporated to dryness, the residue 
dissolved in a very small quantity of distilled water, 
and the aqueous solution filtered and concentrated in 
a watch-glass. To the cold concentrated liquid, an 
equal bulk of cold colorless nitric acid is next added, 
when, if urea be present, a crystalline deposit of 
nitrate of urea will be produced, which can be exa- 
mined microscopically. The production of a crystal- 
line deposit on the addition of nitric acid is in itself 
almost conclusive as to the presence of urea. 

tj. Serum containing bile. In jaundice, the 
serum of the blood is of a much darker yellow color 
than usual, owing to the presence of biliary coloring 
matter, which may be identified by adding to the 
serum a little nitric acid, when the albumen will be 
precipitated of a bluish or greenish color: or some of 
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the serum, just neutralized witli acetic acid, may be 
precipitated with excess of alcohol, the alcoholic 
solution evaporated to a small bulk in a water-bath, 
and residue examined by Pettenkofer's test, and by 
the nitric acid test (par. 153 ji). 

9. Serum containing sugar. Sugar exists abun- 
dantly in the blood, in cases of diabetes. Recent re- 
searches have moreover shown that the post-mortem 
blood of the inferior cava, and of the right side of 
the heart, habitually contains sugar in very definite 
amount. In order to detect it, the albumen of the 
blood must be removed by means of sulphate of- 
sodium, as in par. 177 >3, and to the clear filtrate 
a drop or two of a solution of sulphate of copper, and 
then an excess of caustic potash be added, whereby 
a deep blue-colored liquid will be produced, which, 
on the application of heat, will deposit a red or 
orange-yellow colored precipitate of suboxide of 
copper. The alkaline solution of tartrate of copper 
described in par. 162 8 may be conveniently substi- 
tuted for the mixture of sulphate of copper and caus- 
tic potash. 
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(178.) Bile. 

a. Composition. Human bile contains the sodium 
salt of a peculiar acid known as glycocholic acid, 
having a similar constitution to the glycobenzoic or 
hippuric acid found in urine. It also contains in 
small quantity the sodium salt of taurocholic acid. 
These glycocholates and taurocholates, when boiled 
with dilute hydrochloric acid, absorb water, and 
break up into cholic acid and glycocine and taurine 
respectively, thus : — 

Glycocholic, C^eH^jNO, 4- H^O = C^.H^O^ + C,H,NO, 
Taurocholic, C.^H^^NO^S + Hfi = 0^, H.fi, + CjH,N03S 
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The bile also contains water, mucus, cholesterine, 
fat and coloring matter, the reactions of which last 
have been described under the head of biliary urine 
(par. 153). 

3. Detection of cholic acid. This is effected by 
Pettenkofer's test, which is performed in the follow- 
ing manner : To a little diluted bile, or any liquid 
containing bile, rather more than half its bulk of 
strong sulphuric acid is added very gradually, the 
tube in which the mixture is made being kept cool 
by immersion in water. A minute quantity of pow- 
dered white sugar, or its equivalent of syrup, is then 
introduced, the liquid well agitated and mixed with 
more sulphuric acid. By this means the temperature 
is gradually raised to the requisite point, when a deep 
purplish-crimson color makes its appearance. Very 
minute quantities of bile may be detected by evapo- 
rating any suspected liquid with a drop of sulphuric 
acid and a decigrain of sugar in a water-bath. 

y. Biliary calculi. Concretions of variable ap- 
pearance are occasionally formed in the gall-bladder, 
sometimes in very considerable numbers. When 
numerous, they are of about the size of peas, and 
have an irregular angular shape, with flattened sides. 
When solitary, they are 
usually of larger bulk and Fig. 70. 

of an oval form. They 
have a soapy feel, a fawn- 
yellow color, and are 
easily crushed by pres- 
sure. They consist prin- 
cipally of cholesteri7ie and 
an insoluble combination 
of lile pigment with lime. 
When rich incholesterine, 
they float upon water. To 
detect cholesterine, the 
powdered calculus is boil- 
ed in alcohol, and the solution filtered, when, on 
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cooling, colorless transparent plates crystallize oat 
of the yellow liquid. These crystals, when examined 
microscopically, are seen to consist of delicate, nearly 
square, rhombic plates, superimposed one upon the 
other as shown in Fig. 70. Cholesterine C^gH^^O, is 
soluble in ether and hot alcohol, very slightly soluble 
in cold alcohol, not at all soluble in water. It seems 
to be a species of solid alcohol. 



(179.) Milk. 

This secretion consists of water holding in solution 
casein, lactine, and salts, and holding in suspen- 
sion an abundance of fat globules, to the presence 
of which the opaque white appearance of milk is due. 

Normal milk has an alka- 
Fig. 71. line reaction to test paper. 

The specific gravity of hu- 
man milk averages about 
1030. 

a. Fat globules. These 
may be easily recognized 
under the microscope — 
they are of various sizes, 
and have well-defined dark 
margins, as shown in Fig. 
71. They appear to be 
surrounded by delicate 
cell-membranes, as they 
cannot be made to unite by pressure until after the 
addition of a little acetic acid. The milk secreted 
soon after delivery contains large, granular, fatty 
corpuscles, known as colostrum corpuscles. In milk 
abscess, &c., pus and blood globules may be occa- 
sionally detected. 

(3. Casein. When ordinary or skimmed milk is 
evaporated, a scum forms on its surface, which, if re- 
moved, is soon replaced by a fresh one, and so on 
repeatedly. This property of forming a scum on 
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evaporation was formerly considered peeuliar to lliiids 
containing casein. Casein ditYers from the other albu- 
minous bodies in being coagulable not by heat, but 
by the addition of a little very dilute acid, or by con- 
tact with decomposing animal membrane. Cheese is 
casein which has been precipitated by rennet, the 
dried decomposing lining membrane of the stomach 
of the calf. When skimmed milk is rendered slightly 
acid with acetic acid, and gently warmed, the casein 
coagulates, and may be collected on a filter, washed 
with hot water, and subsequently with hot alcohol : 
it manifests all the usual properties of the albuminous 
bodies. 

y. Lactine. Sugar of milk, or lactine, may be 
readily detected in whey which has been separated 
by filtration from the coagulated casin. On adding a 
drop or two of sulphate of copper, and then an excess 
of potash, a red precipitate of suboxide of copper will 
be produced on boiling the mixture. Sugar of milk 
may be obtained cry.stalline by careful evaporation 
of the whey. It does not readily undergo the alco- 
holic fermentation ; but by the action of putrefj-ing 
curd becomes rapidly converted into lactic acid. 

i. Mineral salts. The ash of milk contains the 
same constituents as most animal ashes ; the relative 
proportion of earthy phosphates is very large, and 
potassium exi.sts in it to a greater extent than sodium. 

(180.) BoxXE. 

Bone con.sists- principally of phosphate of calcium, 
deposited in an animal basis. When bone is soaked 
for some time in dilute hydrochloric acid, its earthy 
matter is dissolved out, and a flexible elastic mass, 
having the exact form of the original bone, is left 
unacted upon. This residue consists of gelatine, 
which by long boiling dissolves in water, forming a 
solution that gelatinizes on cooling. The .solution 
is precipitated by tannic acid, but not by acetic acid 
22 
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or by ferrocyanide of potassium. Pure gelatine does 
not contain sulphur. By the incineration of bone, its 
animal matter is burnt off, and a brittle, white, earthy 
residue, having the exact form of the original bone, 
remains. This earthy residue consists principally 
of phosphate of calcium, with a little carbonate of 
calcium and phosphate of magnesium, also minute 
quantities of fluoride of calcium; which latter sub- 
stance may be detected more readily, however, in 
."fossil bones. 



INDEX. 



ACETATES, reactions of, 154 
Acid, arsenious, 178 
cholic, 251 
liippuric, 216 
hydrochloric, toxicology of, 

1C4 
liydrofluosilicic, as a reagent, 

102 
nitric, toxicology of, IGl 
oxalic, " 166 

prussic, " 195 

sulphuric, as a reagent, 105, 
109 
toxicology of, 158 
tartaric, as a reagent, 85 
uric, 214 
Acidity, criterion of, 18 
Acids and bases, 69 
anhydrous, 24 
binary, 19 
dibasic, 20, 21 
monobasic, 19 
reactions of, 124 
solutions to be tested for, 111 
table for detection of, 113 

preliminary testing, 107 
ternary, 19 
tribasic, 20 
Adapters, 53 

Albumen from blood, 246 
Albuminous urine, 219 
Alkaline solutions, reactions of, 

127 
Alkaloidal salts, 22 
Aluminum, reactions of, 140 
Ammonia, as a precipitant, 91 
reagent, 96 
solvent, 97 
Ammonium, carbonate of, as a 
precipitant, 100 



Ammonium, oxalate of, as a re- 
agent, 102 
phosphate of, as a reagent, 85 
salts of, 22 

sulphide of, as a precipitant, 
90 
as a solvent, 87 
Analysis, course of operations in, 

69 
Anhydrides, 24 
Anhydrous acids, 24 
Animal matter, ashes of, 207-209 
components of, 206 
products, various, 250 
Antimonial salts, reactions of, 191 
Antimony in organic mixtures. 195 
Mar-h's test for, 193 
reactions of, 130, 191 
Reinsch's test for, 194 
toxicology of, 191 
in solution, 192 
Apparatus, cleaning glass, 55 
connections of, 85 
supports for, 47 
Arsenic, Marsh's test for, 182 
original process, 183 
modified process, 185 
metallic ring, 179 
reactions of, 129 
Reinsch's test for, 187 

impediments to, 189 
various forms of, 190 
Arsenious acid, reactions of, 178 
toxicology of, 178 
crystals of, 178 
dissolved, 180 
reduction of, 180 
in organic mixtures, 191 
Ashes of animal matter, 207-209 
Atomic weights, 14 
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BARIUM, cliltiride of, as u re- 
agent, 11 -J 

reactions of, 141 
Bases and acids, 09 

classificatioQ of, 81 

first group of, recognized, 82 
table of, 85 

second group of, recognized, 
'JO 
table of, 93 

third group of, recognized, 99 
table of, 100 
Baths, sand, 48 

"water, 49 
Beads, borax, 77 
Benzoates, reactions of, 154 
Biliary calculi, 251 

urine, 223 
Bile, 250 

from blood, 249 
Binary acids, 19 
Bink's burette, 61 
Bismuth, reactions of, 131 

solutious, 89 
Blood, albumen from, 240 

bile in, 249 

coagulation of, 240 

coloring matter of, 243 

composition of, 240 

corpuscles, 242 

crystals, 244 

extractives and salts of, 248 

fat of, 248 

fibrin from, 241 

in urine, 229 

serum from, 240 

stains, reactions of, 244 

sugar in, 250 

urea in, 249 
Blowing glass bulbs, 35 
Blowpipe, Black's, 29 

Brazier's, 29 

examination, 70 

flame, coloration of, 73 

flames, 30 

Herapath's gas, 28 

incrustations, 76 

the use of, 30 
Bone, 253 

Borates, reaction of, 155 
Borax beads, 77 
Boring corks, 37 



Bottle, drop. "8 

wash, 39 
Bromides, reactions of, 150 
Bulbs, blowing, 35 
Burette, Bink's, 61 
Burners, charcoal, 26 

gas, 26 



CADMIUM, reactions of,, 135 
Calcium, chloride of, as a re- 
agent, 110 
oxalate of, urinary deposit 
of, 226 
calculus, 234 
reactions of, 142 
Calculi, action of heat on, 234 
analysis (systematic) of, 238 
biliary, 251 
construction of, 232 
cystine, 234 
earthy phosphate, 233 
reactions of, 237 
examination of, 235 
ignition of, 235 
mulberry, 233 
oxalate of calcium, 234 

reactions of, 237 
pulverizing, 235 
solution of, 238 
tests, special for, 236 
uric, acid, 233 

reactions of, 237 
Carbonates, reactions of, 147 
Casein, 252 
Charcoal burners, 26 
Chemical equations, 18 
formula^ 17 
urinary deposits, 225 
Chlorates, reactions of, 146 
Chlorides, formulas of, 16 

reactions of, 149 
Cholic acid, 250 
Chromates, reactions of, 145 
Chromium, reactions of, 140 
Chylous urine, 224 
Cleaning-glass apparatus, 55 
Cobalt, nitrate of, ignitions with, 
74 
reactions of, 136 
Coloring-matter of blood, 243 
Combiuing proportions, 13 
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Complex suits, 21 
Cuujeuscr, Liebig's, 54 
Connections of apparatus, 35 
Copper, reactions of, 134, 175 

solutions, 90 

toxicology of, 175 
dissolved, 175 
in organic mixtures, 150 
Corks, boring, 37 
Corpuscles, blood, 242 
Corrosive sublimate, reactions of, 

leg 

toxicology of, 169 

solid, len 

dissolved, 170 

crystals of, 170 

in organic mixtures, 172 
Counterpoises, <:»3 
Crucibles, heating, 49 
Crystals, blood. 244 

baemine, 246 
Cyanides, reactions of, 151 
Cystine, 227 
calculi, 234 



DASU'D SYMBOLS, 18 
Decantation, 47 
Decimal weights, 62 
Deposits, urinary, 225 

chemical, 225 

organized, 228 
Desiccation, 55, 63 
Dibasic acids, 19 
Distillation, 53 
Drop-bottle, 38 
Drying apparatus, 55 

precipitates, 56 



EARTUr SALTS, reactions 
122 
Ebullition, 51 
Elementary bodies, 13 
Elements, table of, 16 
Equations, chemical, 18 
Equivalents, 13 
Evaporation, 50 



1X\T of blood. 218 
' Fatty urine, 224 



Ferric salts, reactions of, 138 
Ferrous salts, reactions of, 138 
Fibrin, 241 
Filters, double, 45 

making, 44 

plain, 44 

ribbed, 44 
Filtration, 43 
Flame, blowpipe. 30 

coloration of, 73 

oxidizing, 30 

reducing, 30 
Flasks, measure, 59 

specific gravity, 64 
Fluorides, reactions of, 155 
Formulfe. chemical, 17 

of chlorides, 16 

of hydrides, IG 

of salts, rational, 22 
Funnel tubes, 40 
Fnsible salts, 72 
Fusions, 57 



GALLON, decimal division of, 59 
_" Gas blowpipe, Ilerapath's, 28 

burner';, 27 

evolving tubes, 41 

washing tubes, 42 
Glass bending, 32 

tube and rod, cutting, 31 

vessels, heating, 50 

working, 31 
Graduated measures, fiO 

pipettes, 60 
Gravity, specific, 64 



H.EMATO CRYSTALLINE, 244 
Hreniine crystals, 246 
of. Heat, action of, on calculi, 234 
Heating glass vessels, 50 

crucibles, 49 
Hippuric acid, 216 
Hydracids, 19 
Hydrides, formulas of, 10 
Hydrochloric acid, as a precipir 
tant, 82 
reactions of, 164 
toxicology of, 164 

concentrated, 164 
aUutcd, 165 

22* 
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Hydrochloric aciJ, toxicology of, 
in organic mixtures, Hi5 

Hydrofluosilicic iicid as a reagent, 
102 

Hydrometer, C6 



TGNITIONS, 57 

J. with nitrate of cobalt, 74 

Incrustations, blowpipe, 70 

Infusible salts, 74 

Insoluble compounds, in acids, 119 

oxalates, ICi 
Iodides, reactions of, 150 
Iron, percliloride of, as a reagent, 
117 

reactions of, 137 



FACKET STANDS, 47 



K 



TESTEIN URINE, 224 



LACTINE, 253 
Lead solutions, 89 
reactions of, 133, 173 
toxicology of, 173 
solid, 173 
dissolved, 174 
in organic mixtures, 175 
Liebig's condenser, 54 
Liquids, analysis of, 12(i 

specific gravity of, 64 
Lithates, urinary deposits of, 225 
Lutes, 37 



MAGNESIUM, reactions of, 143 
Manganese, reactions of, 137 
Marsh's antimony test, 193 
arsenic test, 182 

original process, 183 
modified process, 185 
Measure flasks, 00 
Measures, graduated, 01 
Measuring. GO 

Mercuric salts, reactions of, 133 
Mercurous salts, reactions of, 132 
Mercury, dichloride of. toxicology 
of, 109 



Mercury, reaction.s of, 132 

solutions, 89 
Milk, 252 

casein of, 252 

fat globules of, 252 

lactine of, 253 

mineral salts of, 253 
Molecular weights, 14 
Monobasic acids, 19 
Morphia in solution, 203 

toxicology of, 201 
Mucus from urine, 229 
Mulberry calculus, 233 
Multequivalent salts, 21 

NEUTRALIZATION, 91 
Nickel, reactions of, 13G 
Nitrates, reactions of, 145, 102 
Niti'ic acid, toxicology of, 161 
concentrated, 101 
diluted, 102 

in organic mixtures, 163 
Notation, symbolic, 17 

OriATE LIQUIDS, 203 
Organic constituents, ulti- 
mate, 207 
Oxacids, 19 

Oxalate of calcium, urinary de- 
posit of, 226 
Oxalates, reactions of, 152 

insoluble, 122, 169 
Oxalic acid, reactions of, 106, 237 
toxicology of, 106 
dissolved, 107 
in organic mixtures, 107 
insoluble form, 109 
solid, 160 
Oxides, reactions of, 123 
Oxidizing blowpipe flame, 29 

PASTILLES, 31 
Phosphates, reactions of, 151 
earthy, urinary deposits of, 
225 
Pipettes, delivery, 60 
graduated, 61 
making, 35 
Platinum, perchloride of, as a re-. 
I agent, 104 
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Potash, as a reagent, 88, 95 

solutions, 'J8 
Potassium, sulphate of, as a re- 
agent, 101 
Powders, specific gravity of, 67 
Precipitant, carbonate of ammo- 
nium as a, 100 

hydrochloric acid as a, 82 

sulphide of ammonium as a, 
90 

sulphuretted hydrogen as a, 
86 
Precipitates, aspects of, 80 

drying, 55 

formation of, 79 

removal of, 46 

washing, 45 
Precipitation by ammonia, 91 

by water, 83 
Proportions, combining, 13 
Prussio acid, toxicology of, 195 
Purpurine, 217 
Pus from urine, 228 
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EACTIONS of acetates, 154 
acids, 124 
alkaline solutions, 127 
aluminum, 140 
ammonium, 144 
antimony, 130, 191 
arsenic, 129, 178 
barium, 141 
benzoates, 154 
bismuth, 131 
blood stains, 244 
borates, 155 
bromides, 150 
cadmium, 135 
calcium, 142 
carbonates, 147 
chlorates, 140 
chlorides, 149 
chromates, 145 
chromium, 140 
cobalt, 130 

compounds in solution, 126 
copper, 134, 175 
corrosive sublimate, 169 
cyanides, 151 
earthy salts, 122 
ferric salts, 138 



Reactions of ferrous salts, 138 
fluorides, 155 
hippuric acid, 216 
hydrochloric acid, 1G4 
iodides, 150 
iron, 137 
lead, 133, 173 
liquid substances, 126 
magnesium, 143 
manganese, 137 
mercuric salts, 133 
mercurous salts, 132 
mercury, 132 
miscellaneous salts, 125 
morphia, 201 
nickel, 136 
nitrates, 145, 102 
nitric acid, 163 
oxalates, 152 
oxalic acid, 166 

calculi, 237 
oxides, 123 
phosphates, 151 
phosphatic calculi, 237 
potassium, 143 
prussic acid, 195 
silicates, 156 
silver, 134 
sodium, 145 
stannic salts, 129 
stannous salts, 129 
strontium, 142 
strychnia, 198 
sulphates, 149 
sulphides, 123, 148 
sulphites, 148 
sulphuric acid, 158 
sulphydrates, 148 
tartrates, 153 
tin, 128 
urea, 212 
uric acid, 214 

calculi, 237 
zinc, 139 
Reagent, ammonia as a, 96 

chloride of barium as a, 115 

calcium as a, 116 
hydrofluosilicic acid as a, 102 
nitrate of silver as a, 113 
oxalate of ammonium as a, 102 
perchloride of iron as a, 117 

of platinum as a, 104 
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Reagent, ijlinsplinte of nnimoniiim 

potiish US a, 8S, 95 

sulphate of potassium as a, 
101 

sulphuric acid as a, 105, 110 

taitaiic aciil as a, 103 
Reagents, adJition of, 80 
Reducing blowpipe flame, 30 
Reduction tubes, 31 
Reiusch's test for antimony, 194 
arsenic, 187 

impediments to, 189 
Retorts, tube, 39 



SACCHARINE URINE, tests for, 
li'iO 
Salts, alkaloidal, 22 

ammonium, 22 

complex, 2 1 

double decomposition of, 24 

earthy, nature of, 92 
reactions of, 122 

fusible, 73 

infusible, 74 

mineral, of milk, 252 
of urine, 217 

miscellaneous, 125 

multeuuivalent, 21 

rational formulte of, 23 

reducible, 75 

simple, 21 

volatile, 72 
Sand-baths, 49 
Sealed tube making, 34 
Sealing test tubes, 33 
Sediment from normal urine, 228 
Serum of blood, 241 
Silicates, reactions of, 156 
Silver, nitrate of, as a reagent, 
113 

reactions of, 134 

solutions, 90 
Simple salts, 21 
Solids, specific gravity of, 67 
Solutions made, 78 
Solvent, ammonia as a, 97 

sulphide of ammonium as a, 
87 
Solvents, addition of, 80 
Speciiic gravity, 03 



Specific gravity of flasks, 64 

of liquiils, 64 

of powders, 67 

of solids, 67 
Stains, blood, reactions of, 244 
Stands, jacket, 47 

tripod, 47 
Stannic salts, reactions of, 129 
Stannous salts, reactions of, 129 
Stirring rods, 31 
Strontium, reactions of, 142 
Strychnia, appearance of, 198 

color tests, 200 

in organic mixtures, 201 

toxicology of, 198 
Subliming tubes, 31 
Sugar in blood, 250 
Sulphates, reactions of, 149 
Sulphides, reactions of, 123, 148 
Sulphites, reactions of, 148 
Sulphuretted hydrogen as a pre- 
cipitant, 82 

bulb, 41 
Sulphuric acid, as a reagent, 110 
reactions of, 158 
toxicology of, 1 58 

concentrated, 158 

diluted, 169 

in organic mixtures, 160 

stains on clothing, 160 
Sulphydrates, reactions of, 148 
Supports for apparatus, 47 
Symbolic notation, 17 
Symbols, dash'd, 18 
Synoptic formulae, 23 



TABLE for detection of acids, 
113 

of bases of group one, 85 

of group two, 93 

of group three, 100 

of blowpipe reactions, 72 

of elements, 16 

of preliminary testing for 
acids, 107 
Tartrates, reactions of, 153 
Ternary acids, 19 
Test tubes, sealing, 33 
Tin, reactions of, 128 
Tissues, composition of, 200 
Toxicological examinations, 158 
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Toxicology of antimonj', 191 

arseuious nckl, 178 

copper, 175 

corrosive sublimate, 169 

liydrocbloric acid, 164 

hydrocyanic acid, 195 

lead, 173 

mercury, 109 

morphia, ;201 

nitrates, 1G2 

nitric acid, 161 

oxalic acid, 166 

prussio acid, 195 

strychnia, 198 

sulphuric acid, 158 
Tripod stands, 47 
Tube retorts, 39 
Tubes, funnel, 39 

gas-evolving, 40 

joined, 36 

subliming. 31 

reduction, 31 
Tubing, vulcanite, 36 



URATES, urinary deposits of, 
225 
Ui'ea, crystals of, 213 
from blood, 248 
its detection, 212 
preparation of, 213 
properties of, 213 
Uric acid, crystalline form of, 215 
its detection, 214 
preparation of, 214 
properties of, 215 
urinary deposit of, 226 
calculus, 233 
Urinary calculi, 232 

construction of, 232 
Urinary deposits, 225 
chemical, 225 
of cystine, 227 
of earthy phosphates, 

220 
of lithates, 225 
of oxalate of calcium, 

226 
of urates, 225 



Urinary deposit of uric acid, 226 
orgjinized, 228 
of blood, 229 

mucus, 229 

normal sediment, 228 

pus, 228 
Urine, 211 

abnormal, 218 
albuminous, 219 

tests for, 219 
appearance of, 230 
ash of, 217 
biliary, 223 

chemical examination of, 231 
chylous, 224 

clinical examination of, 230 
coloring-matters of, 217 
crystals from evaporation of, 

218 
extractive matters of, 217 
fatty, 224 
kiestein, 224 
mineral salts of, 217 
normal, properties of, 211 
quantity of, 231 
saccharine, 220 

tests for, 221 
specific gravity of, 230 



VOLATILE SALTS, 72 
Volatilizations, 58 
Vulcanite tubing, 36 



WASH BOTTLE, 39 
Washing precipitates, 45 
tube, gas, 42 
Water baths, 49 

precipitations by, 83 
Weighing, 62 
Weights, atomic, 14 
decimal, 64 
molecular, 14 



ZINC, blowpipe examination of, 
74 
reactions of, 139 
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Some years having einpsed since the appearance of the last American 
edition, and several revisions having been made of the work in England 
during the interval, it will be found very greatly altered, and enlarged by 
about two hundred and fifty pnges, containing nearly one-half more 
matter than before. The editors, Mr. Watts and Br. Bence Jones, have 
labored sedulously to render it worthy in all respects of the very remarka- 
ble favor which it has thus far enjoyed, by incorporating in it all the most 
recent investigations and discoveries, in so far as is compatible with its 
design as an elementary text-book. While its distinguishing character- 
istics have been preserved, various portions have been rewritten, and 
especial pains have been taken with the department of Organic Chemistry, 
in which late researches have accumulated so many new facts, and have 
enabled the subject to be systematized and rendered intelligible in a 
manner formerly impossible. As only a few months have elapsed since 
the work thus passed through the hands of the English editors, but little 
has remained to be done by the American editor. Such additions as 
seemed advisable have however been made, and especial care has been 
taken to secure, by the closest scrutiny, the accuracy so essential in a 
work of this nature. 

Thus fully brought up to a level with the latest advances of science, 
and presented at a price within the reach of all, it is hoped that the work 
will maintain its position as the favorite text-book of the medical student. 

Fowues' Chemistry has for many years maintained a foremost rank as an 
authority, and now it comes to us in its tenth edition thuroughly rejuvenated 
and fully up to the present demand of the student and practitioner. Any one 
who studies the work carefully will be surprised at the perfect ness of its met bud, 
the conciseness of its language, and the lucidity of the ideas advanced. Tbis 
latter is saying a great deal for those parts of the science generally considered 
the most abstruse. A former edition of this treatise was our first text-book in 
chemistry, and we early learned to appreciate its worth ; that appreciation has 
increased through its successive editions, and culminates in the last one Messrs. 
Bence Jones and Watts are still the English editors, and the accomplished, care- 
ful, practical, and thorough chemist, Dr. Robert Bridges, the American editor. To 
the latter gentleman the American edition is indebted for some very practical 
hints incorporated in the text, and for the addition of some very useful illustra- 
tions. If the student of medicine can aft'ord but one text-book on chemistry, we 
advise him to give Fownes' the preference. — N. Y. Med. Itecord, Sept. 1, 18t>9. 

This is a thoroughly revised edition of this standard manual of chemistry. 
The chapter on General Principles of Chemical Pliilosophy has been re- writ ten, as 
well as the greater part of Organic Chemistry, which was rendered necessary by 
the rapid progress making in that branch of the science. It is a subject of regret 
that this manual, which is indispensable to the accomplished chemist, cnuld not 
be the standard work in our high schools and colleges in California. Its cost is 
but little, if any, more than the manuals of mushroom growth, that aie cunslantly 
finding place in the academic curriculum.— CaZj/OT-«ia Med. Gazette, Sept. 1S69. 
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BRANDE AND TAYLOR'S CHEMISTRY— New Edition, Just Issued. 

BY 

WILLIAM THOMAS BRANDE, D. C. L., &c., 

AND 

ALFRED SWAINE TAYLOR, M. D., F. R. S., 

Professor of Chemistry and Medical Jurisprudence in Guy's Hospital, London. 

Second American EdUinn, thoroughfy revised by Br. Taylor. In one large octavo 
volume of 764 closely printed pages : extra cloth, $5 ; leather, $6. 

We do not hesitate to prouounce this the ablest work on chemistry in the Eng- 
lish language. — Iowa Med. Journal, April, 1S68. 

The recognized value of this treatise, and its reputation both here and abroad, 
render it unnecessary for us to more than call attention to this new edition, which 
the American publisher has brought out with great care and accuracy, the super- 
vision of the work, as it passed through the press, being intrusted to a competent 
chemist. — New York Med. Journal, March, 186S. 

An eminently practical and truly admirable work. — Leavenworth Med. Herald, 
Nov. 1867. 

One of the most useful and complete in the language. It has been already an- 
nounced officially as the text-book in one of our medical colleges, and we expect 
other schools to follow. — St. Louis Med. and Surg. Journal, Dec. 1S67. 

This is an efegant volume of nearly eight hundred pages, and as a manual for 
students seems all that could be desired. It is full without being lengthy, minute 
without being wearisome, and written in a mauuer calculated to attract. It is a 
first-class book for students, and as such we confidently recommend it to them. 
Tho-se who may de.sire to purchase it may be sure of having in it all the latest 
chemical knowledge. — Canada Medical Journal, Nov, 1S67. 
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BOWMAN'S PRACTICAL CHEMISTRY. 

INTRODUCTION TO PRACTICAL CHEMISTRY, including Analysis. 
By John E. Bowman, M.D. Edited by Charles L. Bloxam, Profes- 
sor of Practical Chemistry in King's College, London. Fourth Ameri- 
can, from the fifth and revised English edition. With numerous Illus- 
trations. In one neat royal 12mo. volume; extra cloth, $2 25. 



BOWMAN'S MEDICAL CHEMISTRY. 

PRACTICAL HANDBOOK OF MEDICAL CHEMISTRY. By John E. 
Bowman, M. D. Edited by Charles L. Bloxam, Professor of Practi- 
cal Chemistry in King's College, London. Fourth American, from the 
fourth and revised English edition. With numerous Illustrations. In 
one neat royal 12mo. volume; extra cloth, $2 25. 



KNAPP'S TECHNOLOGY; or, Chemistry applied tn the Arts and to 
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AENOTT (NEIL). ELEMENTS OF PHYSICS ; or. Natural Philo- 
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BUMSTEAD (F. J.) THE PATHOLOGY AND TREATMENT OF 
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TIONS. In two 8vo. vols, of nearly 1500 pages, extra cloth, $7. 

PNEUMONIA, ITS SUPPOSED CONNECTION, PATHOLO- 
GICAL AND ETIOLOGICAL, WITH AUTUMNAL FEVERS. In 
one 8vo. vol. of 500 pages, extra cloth, $3. 

LAURENCE (J. Z.) AND MOON (ROBERT C.) A HANDY-BOOK 
OF OPHTHALMIC SURGERY. Second edition, revised by Mr. 
Laurence. With numerous illustrations. In one Bvo. vol., extra 
cloth, $2 75. {JiLst issued.) 

LEHMANN (C. G.) PHYSIOLOGICAL CHEMISTRY. Translated by 
George F. Day, M. D., and edited by R. E. Rogers, M. D., Prof, of 
Chemistry, in the University of Pennsylvania. With plates, and nearly 
200 illustrations. In two large 8vo. vols., containing 1200 pages, 
extra cloth, $6. 

A MANUAL OF CHEMICAL PHYSIOLOGY. Translated with 

notes and additions, by J. Cheston Morris, M. D. With an Intro- 
ductory Essay on Vital Force, by Prof. Samuel Jackson. In one 
very handsome 8vo. vol. of 3.56 pages, extra cloth, $2 25. 

LAWSON (GEORGE). INJURIES OF THE EYE, ORBIT, AND EYE- 
LIDS, with .about 100 illustrations. From the last English edition. 
In one handsome 8vo. vol., extra cloth, $3 50. {Just issued.) 

LUDLOW (J. L.) A MANUAL OF EXAMINATIONS UPON ANA- 
TOMY PHYSIOLOGY, SURGERY, PRACTICE OF MEDICINE, 
OBSTETRICS, MATERIA MEDICA, CHEMISTRY, PHARMACY, 
AND THERAPEUTICS. To which is added a Medical Formulary. 
Third edition. In one royal 12mo. vol. of over 800 pages, extra 
cloth, $3 25 ; leather, $3 75. 

LAYCOCK (THOMAS). LECTURES ON THE PRINCIPLES AND 
METHODS OF MEDICAL OBSERVATION AND RESEARCH. In 
one 12mo. vol., extra cloth, $1. 
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T YNCH (W. F.) A NARRATIVE OF THE UNITED STATES EX- 
J-l PEDITION TO THE DEAD SEA AND RIVER JORDAN. In one 

large and handsome octavo vol., with 28 beautiful plates and two 

maps, cloth, $8. 
—— Same Work, condensed edition. One volume royal 12mo. , extra 

cloth, $1. 

LYONS (ROBERT D.) A TREATISE ON FEVER. In one neat 8vo. 
vol. of 362 pages, extra cloth, $2 25. 

MARSHALL (JOHN). OUTLINES OF PHYSIOLOGY, HUMAN 
AND COMPARATIVE. With Additions by Francis G. Smith, 
M. D. , Professor of the Institutes of Medicine in the University of 
Pennsylvania. In one 8vo. volume of 1026 pages, with 122 illustra- 
tions. Strongly bound in leather, raised bands, $7 50 ; extra cloth, 
$6 50. {Just issued.) 

MACLISE (JOSEPH). SURGICAL ANATOMY. In one large im- 
perial quarto vol., with 68 splendid plates, beautifully colored; con- 
taining 190 figures, many of them life size, e.'ttra cloth, $14. 
MACKENZIE (W.) A PRACTICAL TREATISE ON DISEASES AND 
INJURIES OF THE EYE. In one handsome 8vo. vol. of 1027 
pages, with plates and numerous wood-cuts, extra cloth, $C 50. 

MEIGS (CHAS. D.) OBSTETRICS, THE SCIENCE AND THE ART. 
Fifth edition, revised, with 130 illustrations. In one beautifully 
printed 8vo. vol. of 760 pages, extra cloth, $5 50 ; leather, $6 50. 

WOMAN : HER DISEASES AND THEIR REMEDIES. Fourth 

and improved edition. In one large 8vo. vol. of over 700 pages, 
extra cloth, $5 ; leather, $6. 
-ON THE NATURE, SIGN S, AND TREATMENT OF CHILD-BED 
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FEVER. In one 8vo. vol. of 365 pages, extra cloth, $2. 
ILLER (JAMES) , PRINCIPLES OF SURGERY. Fourth American, 
from the third Edinburgh edition. In one large 8vo. vol. of 700 
pages, with 240 illustrations, extra cloth, $3 75. 

THE PRACTICE OF SURGERY. Fourth American, from the 

last Edinburgh edition. In one l»rge 8vo. vol. of 700 pages, with 
364 illustrations, extra cloth, $3 75. ^ 

MONTGOMERY (W. F.) AN EXPOSITION OF THE SIGNS AND 
SYMPTOMS OF PREGNANCY. From the second English edition. 
In one handsome 8vo. vol. of nearly 600 pages, extra cloth, $3 75. 

ORLAND(W. W.) DISEASES OF THE URINARY ORGANS. With 

illustrations. In one handsome 8vo. vol. of about 600 pages, extra 

cloth, $3 50. 
ORLAND (W. W.) ON THE RETENTION IN THE BLOOD OF THE 

ELEMENTS OF THE URINARY SECRETION. In one vol. 8vo., 

extra cloth, 75 cents. 
OLLEE (J.) PRINCIPLES OF PHYSICS AND METEOROLOGY. 

In one large 8vo. vol. with 550 wood-cuts, and two colored plates, 

cloth, $4 60. 
IRABEAU; A LIFE HISTORY. In one royal 12mo. vol., cloth, 

75 cents. 
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MACFARLAND'S TURKEY AND ITS DESTINY. In 2 vols, royal 
12mo., cloth, $2. 
ARSH (MRS.) A HISTORY OF THE PROTESTANT REFORMA- 
TION IN FRANCE. In 2 vols, royal 12mo., extra cloth, S2. 
EILL (JOHN) AND SMITH (FRANCIS G.) COMPENDIUM OF 
THE VARIOUS BRANCHES OF MEDICAL SCIENCE. In one 
handsome 12ino. vol. of about 1000 pages, with 374 wood-cuts, 
extra cloth, $i ; leather, raised bands, $4 75. 
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MELIGAN (J. MOORE). A PRACTICAL TREATISE ON DISEASES 

■•■' OF THE SKIN. Fifth American, from the second Dublin edition. 

In one neat royal 12mo. vol. of 462 pages, extra cloth, $2 25. 

AN ATLAS OF CUTANEOUS DISEASES, 'in one handsome 



quarto vol. with beautifully colored plates, Ac, extra cloth, $5 50. 
■VrlEBUHR (B. G.) LECTURES ON ANCIENT HISTORY; com- 
i-' prising the history of the Asiatic Nations, the Egyptians, 

Greeks, Macedonians, and Carthagenians. Translated by Dr. L. 

Schmitz. In three neat volumes, crown octavo, cloth, $5 00. 

ODLING (WILLIAM). A COURSE OF PRACTICAL CHEMISTRY 
FOR THE USE OF MEDICAL STUDENTS. From the fourth 
revised London edition. In one 12mo. vol. of 261 pp., with 75 illus- 
trations, extra cloth, $2. (Just issued.) 
PAVY (F. W.) A TREATISE ON THE FUNCTION OF DIGESTION ■ 
ITS DISORDERS AND THEIR TREATMENT. From the second 
London Ed. In one 8vo. vol. of 24B pp., ext. cl., $2. (Just issued.) 

PAERISH (EDWARD). A TREATISE ON PHARMACY. With many 
Formulae and Prescriptions. Third edition. In one handsome 8vo. 
vol. of 850 pages, with several hundred illustrations, extra cloth, $5. 

PIRRIE (WILLIAM). THE PRINCIPLES AND PRACTICE OF SUR- 
GERY. In one handsome octavo volume of 780 pages, with 31G 
illustrations, extra cloth, $3 75. 

PEREIRA (JONATHAN). MATERIA MEDICA AND THERAPEU- 
TICS. An abridged edition. With numerous additions and refe- 
rences to the United States Pharmacopoeia. By Horatio C. Wood, 
M. D. In one large octavo volume, of 1040 pages, with 236 illustra- 
tions, extra cloth $7 00; leather, raised bands, $8 00. 
PULSZKY'S MEMOIRS OP AN HUNGARIAN LADY. In one neat 
royal 12mo. vol., extra cloth, $1. 

PAGET'S HUNGARY AND TRANSYLVANIA. In two royal 12mo. 
vols., cloth, S2. 
ROBERTS (WILLIAM). A PRACTICAL TREATISE ON URINARY 
AND RENAL DISEASES. With numerous illustrations. In one 
very handsome 8vo. vol. {New edition 'preparing .) 

RAMSBOTHAM (FRANCIS H.) THE PRINCIPLES AND PRAC- 
TICE OF OBSTETRIC MEDICINE AND SURGERY. In one im- 
perial 8vo. vol. of 650 pages, with 64 plates, besides numerous wood- 
cuts in the text. Strongly bound in leather $7. 
RIGBY (EDWARD). THE CONSTITUTIONAL TREATMENT OP 
FEMALE DISEASES. In one neat royal 12mo. vol. of about 250 
pp., extra cloth, $1. 

A SYSTEM OF MIDWIFERY. Second American edition. In 

one handsome 8vo. vol. of 422 pages, extra cloth, $2 50. 

RANKE'S HISTORY OF THE TURKISH AND SPANISH EMPIRES 
in the 16th and beginning of 17th Century. In one 8vo. volume, 
paper, 25 cts. 

HISTORY OF THE REFORMATION IN GERMANY. Parts I. 

II. III. In one vol., extra cloth, $1. 

ROYLE (J. FORBES). MATERIA MEDICA AND THERAPEUTICS. 
Edited by Jos. Carson, M. D. In one large 8vo. vol. of about 700 
pages, with 98 illustrations, extra cloth, $3. 

RADCLIFFE, AINSTIE, AND OTHERS, ON DISEASES OF THE 
SPINAL COLUMN AND OF THE NERVES. 1 vol. 8vo. {Nearly 
ready.) 
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SMITH (EUSTACE). ON THE WASTING DISEASES OF CHILDREN. 
In one 8vo. vol. [ISlew edition prepariyig.) 

SARGENT (F. W.) ON BANDAGING AND OTHER OPERATIONS 
OP MINOR SURGERY. New edition, with an additional chapter 
on Military Surgery. In one handsome royal 12mo. vol. of nearly 
400 pages, with 184 wood-cuts, extra cloth, $1 75. 

SMITH (LEWIS J ) A TREATISE ON THE DISEASES OF IN- 
FANCY AND CHILDHOOD. A New Work, now ready. In one 
large Svo. volume of 620 pages, strongly bound in leather, $5 75 
extra cloth, $4 75. 

SHARPEY (WILLIAM) AND ftUAIN (JONES AND RICHARD) 
HUMAN ANATOMY. With notes and additions by Jos. Leidy 
M.D., Prof, of Anatomy in the University of Pennsylvania. In two 
large Svo. vols, of about 1300 pages, with 51 1 illustrations, extracl. $6 

SIMPSON (SIR JAMES Y.) CLINICAL LECTURES ON THE DIS 
EASES OF WOMEN. (A new edition preparing.) 
SIMON'S GENERAL PATHOLOGY. In one Svo. vol. of 2)2 pages 
extra cloth, $1 25. 
SKEY (FREDERIC C.) OPERATIVE SURGERY. In one Svo. vol. 
of over 050 pages, with about 100 wood-cuts, cloth, $.3 25. 
SLADE (D. D.) DIPHTHERIA ; ITS NATURE AND TREATMENT. 
Second edition. In one neat royal 12mo. vol., extra cluth, $1 25. 

SMITH (HENRY H.) AND HORNER (WILLIAM E.) ANATOMICAL 
ATLAS. Illustrative of the structure of the Human Body. In one large 
imperial Svo. vol., with about 050 beautiful figures, e.xtra cloth, $4 50. 

SMITH (EDWARD). CONSUMPTION ; ITS EARLY AND REME- 
DIABLE STAGES. In one Svo. vol. of 254 pp., extra cloth, S2 25. 
SOLLY (SAMUEL). THE HUMAN BRAIN; ITS STRUCTURE, 
PHYSIOLOGY, AND DISEASES. In one neat Svo. vol. of 500 pp. 
with 120 wood-cuts, extra cloth, $2 50. 

STILLE (ALFRED). THERAPEUTICS AND MATERIA MEDICA. 
Third edition, revised and enlarged. In two large and handsome 
Svo. vols., extra cloth, $10; leather, $12. {Just issued.) 

SALTER (H. H.) ASTHMA ; ITS PATHOLOGY, CAUSES, CONSE- 
QUENCES, AND TREATMENT. In one volume 8vo., extra cloth, 
$2 50. 

S WAYNE (JOSEPH GRIFFITHS). OBSTETRIC APHORISMS. 
From the fourth revised English edition. With addition.s by E. R. 
Hutchins, M. D. In one small 12rao. vol. of 177 pp., with illustra- 
tions, extra cloth, $1 25. (Just issued.) 

SCHOEDLEE (FREDERICK) AND MEDLOCK (HENRY). WONDERS 
OF NATURE. An elementary introduction to the Sciences of Physics, 
Astronomy, Chemistry, Mineralogy, Geology, Botany, Zoology, 
and Physiology. Translated from the German by U. Medlock. In 
one neat Svo. vol., with 679 illustrations, extra cloth, $3. 

QjMALL BOOKS ON GREAT SUBJECTS. Twelve works ; each one 15 
'^ cents, sewed, forming a neat and cheap series ; or done up in 3 vols., 
extra cloth, $1 50. 

STRICKLAND (AGNES). LIVES OF THE QUEENS OF HENRY 
THE VIII. AND OF HIS MOTHER. In one crown octavo vol., 
extra cloth, $1; black cloth, 90 cents. 

MEMOIRS OF ELIZABETH, SECOND QUEEN REGNANT OP 

ENGLAND AND IRELAND. In one crown octavo vol., extra cloth, 
$1 40; black cloth, $1 30. 
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SCHMITZ AND ZUMPT'S CLASSICAL SERIES. In royal 18mo. 
CORNELII NEPOTIS LIBER DE EXCELLENTIBUS DUCIBUS 
EXTERARUM GENTIUM, CUM VITIS CATONIS ET ATTICI. 
With notes, &c. Price in extra cloth, 60 cents; half bound, 70 cts. 

C. I. C.«)SARIS COMMENTARII DE BELLO GALLICO. With notes, 

mnp, and other illustrations. Price in extra cloth, 60 cents ; half 

bound, 70 cents. 
C. C. SALLUSTII DE BELLO CATILINARIO ET JUGURTHINO. 

With notes, map, &c. Price in extra cloth, 60 cents; half bound, 

70 cents. 

Q. CURTII RUFII DE GESTIS ALEXANDRI MAGNI LIBRI VIII. 
With notes, map, &c. Price in extra cloth, 80 cents ; half bound, 
90 cents. 

P. VIRGILII MARONIS CARMINA OMNIA. Price in extra cloth, 

85 cents; half bound, $1. 
M. T. CICERONIS ORATIONES SELECTiE XII. With notes, Ac. 

Price in extra cloth, 70 cents ; half bound, 80 cents. 

ECLOG.a; EX Q. HORATII FLACCI POEMATIBUS. With notes, 
&c. Price in extra cloth, 70 cents; half bound, 80 cents. 

ADVANCED LATIN EXERCISES, WITH SELECTIONS FOR 
READING. Revised, with additions. Extra cloth, price 60 cents ; 
half bound, 70 cents. 

TANNER (THOMAS HAWKES). A MANUAL OF CLINICAL MEDI- 
CINE AND PHYSICAL DIAGNOSIS. Third American from the 
second revised English edition. Edited by Tilbury Fox, M. D. In 
one handsome 12mo. vol. of 366 pp., cloth, $1 50, {Now rauly.) 

ON THE SIGNS AND DISEASES OF PREGNANCY. First 



American from the second English edition. With four colored plates 
and numerous illustrations on wood. In one vol. 8vo. of about 500 
pages, extra cloth,'^4 25. {Just issued.) 

TAYLOR (ALFRED S.) MEDICAL JURISPRUDENCE. Sixth Ameri- 
can from the eighth London edition. With notes .and references to 
American Decisions, by C. B. Penrose of the Philadelphia Bar. In 
one large 8vo. vol. of 776 pages, extra cloth, $4 50 ; leather, $5 50. 

THOMAS (T. GAILLARD). A COMPLETE PRACTICAL TREATISE 
ON THE DISEASES OF FEMALES. Second and revised edition. 
In one large and handsome octavo volume of about 650 pages, with 
illustrations, extra cloth, $5 ; leather, $6. {Now ready.) 

T3DD (ROBERT B.) AND BOWMAN (W.) PHYSIOLOGICAL ANA- 
TOMY AND PHYSIOLOGY OF MAN. In one large 8vo. vol. of 
about 950 pages, with 300 illustrations on wood, extra cloth, $4 75. 

T3DD (ROBERT BENTLEY). CLINICAL LECTURES ON CERTAIN 
ACUTE DISEASES. In one vol. 8vo. of 320 pp., extra cloth, $2 50. 

TDYNBEE (JOSEPH). THE DISEASES OF THE EAR : Their nature, 
Diagnosis, and Treatment. Second American edition. In one 
handsome 8vo. vol. of 440 pp., with 100 illustrations, extra cloth, $4. 

THOMPSON (SIR HENRY). CLINICAL LECTURES ON DISEASES 
OF THE URINARY ORGANS. In one 8vo. volume of 204 pages, 
with illustrations, extra cloth, $2 26. {Just issued.) 

THE PATHOLOGY AND TREATMENT OF STRICTURE OF 

THE URETHRA AND URINARY FISTULiE. From the third 
English edition. In one 8vo. vol. of 359 pp., with illustrations, extra 
cloth, $3 50. {Just issued.) 
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